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1. INTRODUCTION AND ORGANIZATION 
One of the most striking changes in American agriculture since 
World War II has been the adoption of fertilizer in crop production. In 
1950, Iowa farmers spent 27 . 6 million dollars for lime and fertilizer. 
By 1968, they had increased their expenditures to 188.9 million dollars 
(12, p. 65). One form of fertilizer that has won wide acceptance among 
farmers is anhydrous ammonia. 
It has been estimated that in 1971 Iowa farmers spent 41.8 million 
dollars for ammonia fertilizer. The estimated wholesale cost of this 
fertilizer was 30.6 million dollars. The difference between these 
figures, 11.2 million dollars, is an estimate of the costs and profits 
involved in the retail distribution of anhydrous anunonia . This study is 
concerned with the cost of the retail distribution of ammonia fertilizer. 
1.1. Scope and objectives 
One of the objectives in this study is to present a balanced view 
of the development of the fertilizer industry. This characterization of 
the fertilizer industry is an attempt to describe the cost setting of the 
ammonia retailers. Specifically, the Fort Dodge ammonia retailing market 
is examined for certain market structure traits. Included in the char-
acterization is the identification of practices and problems of retailing 
arrunonia . 
A second objective is to estimate the cost of retailing anunonia and 
to examine how retailing costs are influenced by changes in season length, 
market share, and demand density. 
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A final objective is to use the developed cost estimates to evaluate 
the relative efficiency of ammonia retailing in the Fort Dodge area. 
This includes an estimate of the cost of a typical retailer. 
1.2. Organization of the study 
Chapter 2 examines the historical development of the fertilizer 
industry and, in particular, the nitrogen sector. Included is an 
analysis of the ammonia retailing industry in the Fort Dodge Functional 
Economic Area and an identification of retailing practices and problems 
in that area . 
Chapter 3 deals with the relationship of plant and delivery costs 
and their combination into retail distribution costs. Included is a 
review of past ammonia retail cost studies. 
Chapter 4 identifies and quantifies the cost coefficients and time 
parameters discussed in Chapter 3. The particular assumptions made about 
the coefficients and parameters are presented in this chapter. 
Chapter 5 presents the cost results by means of a representative 
example. Changes in the cost results due to changes in season length, 
market share, and demand density are examined. The importance of plant 
size and the possibility of economies of size existing in ammonia retail-
ing is also examined . The relative efficiency of the ammonia retailers 
is discussed, and an estimate of a typical retailer's costs is given. 
Finally, the importance of some of the assumptions is examined. 
Chapter 6 summarizes the study and discusses implications of the 
results. Included is a discussion of limitations of this study and 
possible areas of further study. 
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2. CHARACTERIZATION OF THE FERTILI ZER INDUSTRY 
AND ANHYDROUS AMMONIA DISTRIBUTION 
2.1 . Growth of fertilizer usage 
The usage of fertilizer increased 230 percent between 1950 and 1970 
in the United States. This gr owth in usag~ has been even more marked in 
Iowa and the Corn Belt States since 1960 (12). It is the purpose of 
this section t o examine the increase in usage and the reasons behind it . 
Table 2.1 represents the fertilizer consumption by farmers in the 
United States a nd Iowa for selected year s . 
Table 2.1 . Consumption of fertilizer for the U.S. and Iowa, for selected 
years (12) 
1950 1960 1970 
!United States 18 Million Tons 25 Million Tons 39 Million Tons 
Iowa . 3 Million Tons . 7 Million Tons 2. 6 Million Tons 
In addition t o t he increase in absolute consumption , there has been 
an increase in the relative nutrient content of fertilizer. In 1950 , 
18 million tons of fertilizer were purchased containing 4 million tons of 
plant nutri~nts , while in 1970, 39 million tons of fert ilizer containing 
15.8 million tons of plant nutrients were used . This represents a n increase 
of 10.2 percent in the nutrient content of fertilizer (12) . Figure 2.1 
depicts the plant nutrient consumption of fertilizer for the United States 
and Iowa. 
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Figure 2.1. Plant nutrient consumption for the U. S. and Iowa, 
1950-1970 (12) 
2.1.1. Reasons for fertilizer growth 
The acceptance of fertilize r by f a rmers as a profitable input over 
the past twenty-five year s has increased over t ime . The reasons for this 
acceptance are: decrease in absolute price , decr ease in r e l a tive price, 
increase in knowledge , complementary increase with other t echnology, and 
other reasons to be discussed in this sec tion . 
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2.1.1 .1. Decrease in absolute price Fertilizers are one of 
the few farm inputs which have actually decreased in price in the past 
twenty years. The reasons for this reduction in price will become 
apparent in later sections. Table 2.2 denotes the cost per pound of 
the three major plant nutrients for selected years. 
Table 2, 2. Price per pound or nit.roe en, P 2oS' and 120 , for selected years (5) 
1950 1960 1910 
II P205 (20 If P205 '20 Ii P205 (20 
llut.rient. Allllloniua lonaal Kuriat.e .+.nh;rdrou1 Coocen- "'1r1at.e Anhydrous Concen- Muriat.e 
!>ource II it.rat.• Super- or Aalania t.rated or .&Jnonia 't.rated or 
pboepbat.e Pot.aeb :;uper- Po't.asb S\lj.ler !'owsb 
phosphate phospl>at.e 
United 
St.lit.es 12.5- 8.3' 4.8¢ 8.5~ 8.6- 4.3' 4.~ 8.2, 4,2, 
I ova If .A, 13.U Ii ,A. 8.5' 8.8- 1.1. 4.t¥ 8.2- 4.3' 
As is apparent from the table, the greatest decrease in price has 
been in nitrogen fertilizers . Farmers are aware of t his reduction in 
price and have increased their purchases accordingly. 
2.1 .1.2. Decrease in relative price Since 1950, prices 
paid for farm machinery and labor have increased 50 percent while land 
costs have doubled (19, p. 435). This has provided motivation for the 
farmer to substitute fertilizer for other farm inputs. It is estimated 
that a 1 per cent increase in land prices will increase fertilizer use by 
0.4 percent (18, p . 32 ). Figure 2 .2a depicts a graphic representation 
of fertilizer prices, index of prices paid by farmers for all goods , and 
prices received by farmers for their products since 1955. 
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Figure 2.2a . Prices of fertilizer, index of prices paid, and prices 
received by farmers (18) 
Heady, Pesek, and Rau have estimated that one ton of fertilizer will 
replace 5.7 acres of land in the production of corn on land which pre-
viously has received no fertilizer (19, p. 438). In the same study, it 
was estimated that one t on of fertilizer will r eplace 600 hours of labor 
in the production of corn. 
A given farmer will probably not farm less land or work fewer hours 
due to his use of fertilizer. Rather, he will use the fertilizer on a 
given land area to produce more. But, the substitution of fertilizer for 
other capital inputs has taken place over the entire farming area of the 
United States (19, p. 438). 
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2.1.1 . 3. The influence of knowledge It has been the trend 
for fertilizer purchases to increase over time. In an early study of 
the fertilizer industry, Markham points out the farmers' seemingly 
irrational habit of not buying the lowest per unit cost plant nutrient 
(16). This criticism has to be examined in light of the time of Markham's 
study, 1940- 19SO's. The lowest per unit cost forms of fertilizer were 
not always convenient to handle, had undesirable physical properties, 
and sometimes were not available to the majority of the farmers. But 
even more important, the farmers of this period were not aware or con-
vinced of the benefits of fertilizer. 
From World War II to the present, the USDA, state agricultural 
experimental stations, extension education services, and private industry 
have engaged in the dissemination of information to farmers about the 
profitable benefits derived from fertilizer use. As farmers have learned 
of these benefits through the institutional sources, through observing 
their neighbors' success with fertilizers, and through their own expe-
rience, their usage has increased. 
2.1.1.4. Complementary increase with other technology Growth 
in the general state of agricultural technology has increased the use of 
fertilizers in two ways. First, the development of crops which are 
adapted to higher fertilizer rates, increases in the rates of planting, 
and improvements in irrigation have increased the need for fertilizer. 
Second, improvements in cultural practices, insect control, and improved 
farm machinery have reduced the uncer tainty of response to fertilizer use. 
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2 .1. 1.S. Other reasons Because of the aforementioned 
reasons and others, such as larger farms, better informed farmers, and 
the government price-support program which has intensified the use of fer -
tilizer (19, p. 435), there has been a significant growth in the use of 
fertilizer. It will be the purpose of the succeeding section to examine 
the influence this growth has had on the fertilizer industry. 
2 . 2. Changes within the fertilizer industry 
To gain an understanding of changes that have taken place in the 
nitrogen fertilizer sector it is necessary to examine the entire ferti-
1 lizer industry rather than just the nitrogen sector . 
Before the 19SO's, the traditional pattern of fertilizer marketing 
was for an individual manufacturer to produce a single plant nutrient 
and sell it to a regional wholesaler. The wholesaler would mix the 
various plant nutrients and sell them to an independent dealer who in 
turn would sell the fertilizer to the farmer. The mixer-wholesaler pro-
vided the regional off-season storage and extended credit to the retailer . 
The fertilizer handled by this marketing system was typically a low 
analysis, pulverized material. 
About 1950, high-analysis fertilizers were being developed. Another 
phenomenon was taking place on the demand side. In the Mi4west, farmers 
were demanding a prescription type fertilizer for their crops. With this 
new need and the high-analysis fertilizer available, a new system of 
~or a complete review of the fertilizer industry history see 
Markham (16) and Douglas and Coleman (19). 
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marketing began evolving. The prescription type fertilizers were pro-
vided by bulk blenders who were able to mix the high-analysis fertilizers 
at the retail level. 'Ibis system required only a primary producer and 
retail bulk blender. 
Before examining the marketing systems of the SO's and 60's it may 
be instructive to find what the changes in fertilizers were. The phos-
phatic fertilizers in the traditional system were a rather low grade 
(20% P
2
o
5
) normal superphosphate in a pulverized form. The wet process 
and the electric furnace enabled the production of concentrated super-
phosphate (46% P
2
o
5
) and annnonium phosphates (46-52% P2o5 ) at a lower 
per unit cost. The production of these materials, for the most part, 
took place at the major source of phosphorus rock in the southeastern 
part of the United States. 
Granulated fertilizer was also introduced about this time which, 
because of its better physical properties, was more acceptable to farmers. 
Granulation also adapted itself well to bulk blending because particle 
size could be regulated so different nutrients could be blended without 
fear of separation. 
The major change in potash fertilizers was a shift in mining from 
the New Mexico area to Canada. This extended the transportation require-
ments and, with the growing demand for fertilizers, the regional storage 
needs were increased. 
During the SO's, different methods of marketing were tried. To 
assure a market for their product, some manufacturers a ttempted to sell 
10 
directly to the farmer. This met with only limited success as the manu-
facturer had only one of the plant nutrients necessary. They found the 
sales and credit costs excessively high, and they had only limited 
regional off-season storage. Another system tried was integration back-
wards by the mixer-wholesaler. Yet another was an attempt by the primary 
producers to purchase the mixer-wholesaler's facilities, but the equip-
ment was found to be out-moded for the new fertilizers . 
The technological developments had reduced the cost per unit of 
production, but a large capital investment was required and the tradi-
tional manufacturers seemed unwilling to make this investment. At this 
time, demand estimates for world food needs indicated that there were 
great potentials in the fertilizer industry (26). Individual companies 
and entire industries were attracted by the potential profits in ferti-
lizer, and were willing to take the risk on the necessary capital invest-
ment . Foremost among these companies were the petrolewn companies who 
had the technically trained personnel to build and operate the new type 
of plants. The chemical and metal industries were also attracted to 
fertilizer, either through their trained personnel or through their 
mining interests. 
The marketing of the 1960's was marked by a cumulation of the new 
technological developments and the entry of new firms into the fertilizer 
industry. It became apparent to the new members of the fertilizer in-
dustry that horizontal integration of fertilizer production facilities 
was necessary if the farmer market was to be won. This resulted in the 
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acquisition or merger of basic phosphate manufacturing by nitrogen pro-
ducers and vice-versa. Although integration was not as prevalent in the 
potash industry , the fertilizer producers were able to assure themselves 
a source of potash through trade agreements . 
Horizontal integration was also taking place at the retail level . 
Feed and grain dealers took on fertilizer as another product in an 
attempt to provide their customer a one-stop agricultural service center . 
The final integration process taking place was the one already 
mentioned of combining the fertilizer industry with chemicals, metals, 
and particularly petroleLDll . 
The integration program of the 1960's has drastically 
changed the organization pattern for distribution and 
marketing fertilizer. Vertical integration came 
about to secure markets; horizontal integration came 
about to ensure markets and t o obtain maximum use 
of all the facilities; and overall integration of 
the fertilizer industry has been accelerated because 
of the growth potential of the fertilizer industry 
(19, p. 72). 
In the late 50's and early 60's another group of entrants in the 
fertilizer market was farmer owned cooperatives. Cooperatives found 
that their owner-patrons were asking that cooperatively owned marketing 
and manufacturing facilities be provided for serving their fertilizer 
needs. Regional and national cooperatives entered the fertilizer industry 
by purchasing existing fertilizer manufacturing plants and by building 
their own plants . By the mid-sixties , the cooper atives had obtained a 
significant share of the market (19). 
The sixties were characterized by the vertically integrated firms 
and the regional-national cooperatives supplying the credit and regional 
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storage functions which had been provided by the wholesaler-mixer. 
In the latter part of the sixties, the fertilizer industry exper-
ienced a large decrease in prices . This was due to overbuilding on 
behalf of the fertilizer manufacturers. Many of the new entrants to the 
market made the decision to manufacture fertilizer at about the same 
time. It is also apparent that the world need for food was not converted 
into demand for fertilizer. This brought material planned for export 
into the domestic market, and was an additional cause of depressed 
prices (6). The low prices of fertilizer drove some of the firms out of 
the fertilizer industry during the late sixties and early seventies. 
2 . 3. The nitrogen sector of the fertilizer industry 
It is the purpose of this section to discuss the development of the 
nitrogen sector of the fertilizer industry and its products. 
As was evident in Figure 2.1, of the three major plant nutrients, 
nitrogen has experienced the most rapid growth in usage. Since 1950, 
the use of nitrogen has increased 665 percent. This growth has been due 
i n part to the reasons given in Section 2.2. Also, it is a result of the 
rapid adaptation of nitrogen in the production of corn. Corn is a heavy 
user of nitrogen, and accounts for 95 percent of the total nitrogen used 
in the Midwest (3, p . 13). Furthermore, nitrogen as opposed to potassium 
or potash fertilizers, must be replaced annually as it is leached from 
the crop root zone by the movement of soil water. Table 2 . 3 shows the 
consumption of nitrogen and selected nitrogen products for the United 
States and Iowa for selected years . 
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Table 2 • .3. Consumption of nitrogen and aelected direct application 
nitrogen products for the U.S. and Iowa (12) · 
1950 196<> 1970 
Nitrogen Tona Tona Tons 
u. s. S95,313 2,685,$72 1,311, 772 
Ia, l.3,755 103,117 6$9,435 
Anhydrous Ammonia Tons 'fons Tons 
(62.2%N) 
u. s. 65,$16 706,295 3,491,603 
Ia. Jl,167 521,566 
Nit.rogan Solutions 
(26-4UN) 
•vu~ Tons Tona 
u. s. ll,106 650,2$9 3,102,746 
Ia. 45,964 220,140 
Ammonium Nitrate Tona Tons Tons 
(.3].CN) 
u. s. S59,5B4 l,2.)0,732 2,647,334 
Ia. 16,782 67,606 133,199 
Ammonium Sulfate Tona Tons Tons 
(20%N) 
u . .3. 179,420 510,oa1 771,655 
In. 252 4,416 1,552 
Sodium llitrAte Tons Tons Tons 
(l t.%) 
u.:;. 627,357 4,li , 2ll 87, l:!ll 
Is. 
CONTINENTAL UNITED STAT ES IOWA 
MILLION TONS-.-~~~~...-~~~~.--~~~-. 
4t-~~~-+~~~~-+-~~~~+-~~~--I 
1100 reos 
Figure 2.2b. Consumption of selected nitrogen materials for the United 
States and Iowa (12) 
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As is apparent from Figure 2 . 2b and Table 2.3, t he larges t growth 
in nit r ogen fertilizer has been in anhydrous annnonia . Since 1950, armnonia 
usage in the U.S . has increased by 3980 percent . An important reason 
for this growth has been the large decrease in price of anhydrous rela-
tive to other forms of nitrogen fertilizers. Table 2.4 gives the com-
parative cost per pound of nitrogen for selected nitrogen products for 
selected years. 
Table 2 . 4. Prices of some basic forms of nitrogen in Iowa for selected 
years (5) 
Anhydrous 
alTDilonia 
cost 
per lb . 
Year nitrogen 
1951 
1956 9 . 7 c; 
1961 8.5 
1966 6.7 
1970 4.3 
Ammonium 
nitrate 
cos t 
per lb. 
nitrogen 
13.0c; 
13.1 
12.4 
11.6 
9 .4 
Annnonium 
sulfate 
cost 
per lb. 
nitrogen 
18 . 3c; 
14 . 6 
12.9 
12 . 0 
Urea 
cost 
per lb. 
nitrogen 
11.?c; 
12.2 
9.1 
The first major connnercial nitrogen fertilizers produced in the 
United States were nitrate of soda (16%N) and ammonium sulfate (20%N) . 
These forms of nitrogen predominated in use until the 1940's . Ammonium 
nitrate (33%N) became the leading source of nitrogen in t he 1950's and 
was replaced by anhydrous ammonia (82%N) by 1960 . 
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As the nutrient content of the fertilizers was increasing the con-
2 centration of nitrogen manufacturers was decreasing • Befor e World 
War II, the synthetic nitrogen industry was a highly oligopolistic in-
dustry, with two manufacturers accounting for 86 percent of the mar ket 
(17, p. 372). During the war, there was a large demand for nitrogen in 
the production of munitions fo r which the U.S. government contract ed the 
building of war time plants. After World War II, through the judicious 
sale of the government plants, the concentration of the four largest 
producers was reduced to 44.7 percent (17, p. 373). The large demand 
for nitrogen fertilizer brought more firms into the industry and by 1963 
the four largest firms produced only 29 . 5 percent of the nitrogen (17, 
p. 374) . 
By most standards by which industrial structur e 
is a s sessed, the structure of the synthetic 
nitrogen industry has evolved from a highly 
concentrated oligopoly to one consistent with 
effective competition .. • (17, p. 374). 
By 1969, the concentration of production had been further reduced. The 
four largest firms controlled only 15.1 percent of the market (1). 
The price decrease for anhydrous allIIIlOnia has been a result of 
technological advances in the production of ammonia. The introduction 
of the centrifugal compressor in the lat e fifties, gave rise to signifi-
cant economies of size in manufacturing. The maximum daily production 
had been 400 tons of ammonia per day, the advent of the centrifugal 
2 . 
Concentra tion, as used here, refers to the percentage of manufac-
turing production by one or by a group of firms. 
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compressor increased the range of daily production to 600-3000 tons 
(19, p. 76). 
It was pointed out that the petroleum industry took the lead in 
vertically integrating the fertilizer industry . Since ammonia is made 
from water , air, and natural gas, the petroleum companies saw the produc-
tion of nitrogen fertilizer as a highly profitable way of selling more 
natur al gas or hydrogen feedstocks (19 , p. 71). The petroleum industry 
also had the necessary trained personnel to run the complex plants . It 
was from the nitrogen sector that these companies began and then inte-
grated horizontally into the rest of the fertilizer industry . 
2 . 4. Manufacturing and transportation of anhydrous ammonia 
The purpose of this section is to briefly describe the ammonia 
manufacturing industry, its structure, and t he transportation-storage 
system used between the manufacturer and r e tailer. 
2 . 4.1. Manufacturing 
In the Haber-Bosch Process, anhydrous is manufactured by combining 
nitrogen and hydrogen under pressure and heat in the presence of an 
iron catalyst . The first full- scale snythetic ammonia plant began opera-
tion in Germany in 1913 with a capacity of 27 tons per day (24). Cur-
rently, there are more than 121 anhydrous ammonia manufacturing facilities 
that are owned by at least 84 different companies, with no single company 
having a significant proportion of the capacity (1). Production of 
anhydrous ammonia was 13.1 million short tons in 1970, and capacity is 
estimated to be 17 . 0 million tons for 1972 (13). 
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The anhydrous ammonia manufacturer s experienced the depressed 
prices prevalent throughout the fertilizer industry during the late 
sixties . At times, there was more than 30% excess ammonia manufacturing 
capacity which resulted in the exit of the old style, smaller plants . 
In 1970, it was estimated that production was 73 . 2 percent of capacity (13). 
The majority of this capacity, especially the large scale plants 
(1000 tons per day plant and larger) is located on the Gulf of Mexico 
in order to take advantage of the lower cost of natural gas and the 
savings encountered by shipping the material to storage facilities 
located on the waterways (24). 
2.4.2. Transportation and storage 
A physical characteristic of anunonia needs to be explained; anhydr ous 
anunonia is a gas at room temperature which condenses to a liquid at minus 
28 degrees Fahrenheit . Under sufficient pressure it will remain in the 
liquid state. This characteristic requires special handling techniques 
in the t ransportation and storage of ammonia. There are two methods of 
shipping and storing ammonia; cryogenically (-28°F and no pressure), or 
under pressure at atmospheric temperatures. 
The present methods of transporting the fertilizer from the manu-
facturer to the retail distributor include: 1) shipment on cryogenic 
barge or pressurized barge from the manufacturer to cryogenic tranship-
ment facilities on the waterways, 2) shipment by pipeline from the Gulf 
coast to the Midwest, 3) shipment by rail from the manufacturer or 
transhipment points to the retaile r in tank cars, or 4) shlpment by 
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truck t r ansports from the sources of manufacturing or the storage 
facilities to the retailer . 
The obvious advantage of cryogenic storage is its much lower cost . 
The cost of storage investment is $37 per ton for a 30,000 ton cryogenic 
unit compared to a $200 or $225 per ton cost for a 30,000 gallon high 
pressure tank (24). 
The lowest per unit cost form of transportation is provided by the 
cryogenic barges. These units hold about 2,500 tons of material, and 
shipments as large as 20,100 t ons have been moved up the Mississippi . 
The most recent innovation in ammonia is the pipeline . There are 
two different ammonia pipelines leading from the Gulf of Mexico to the 
Midwest . The s patial advantage enjoyed by the 600 ton per day plants in 
the Midwes t , the center of the present nitrogen demand , has been removed 
by the pipelines (19, p. 76). 
The least cost method over l and is rail for distances greater than 
40 miles. The ammonia is carried in 11,000 gallon tank cars which hold 
approximat ely 25 tons , and in "jumbo" 30,000 gallon tank cars. The use 
of rail service is rather limited in that the railroads have not been 
able to respond to the intense seasonal nature of the anhydrous anunonia 
demand. Rail cars are often used as a form of "mobil storage". The 
rail cars are delivered to the retailer before the beginning of the 
ammonia season . The retailer will supplement his normal storage from 
the rail car. 
During the ammonia season, the anhydrous is delivered to the retail 
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dealer by truck transports. The transports hold approximately 18 tons of 
material, which is pumped into the retailers' pressur ized s torage. 
2. 5 . Manufacturing, terminal storage, pipeline, and r e tailing in Iowa 
Thus far, the discussion of anhydrous ammonia manufacturing and 
transportation has been a discussion of the industry in general f or the 
United States. This section will be a brief description of wholesale 
activity (manufacturing and terminal s torage) and retailing in Iowa. 
2.5. 1. Wholesale activity in Iowa 
There is more than 600,000 tons of manufactur ing capacity in Iowa 
and 900,000 tons of c r yogenic storage. This compares wi th a consumption 
3 of 521,588 t ons in 1970 . Figure 2.3 locates the manufacturing points, 
cryogen ic trans hipment points, and the ammonia pipelines . 
d 
0 JJ 
GI"' , . 
\ O Manu!&c:!uring 
q Q Cryogenic: Storage 
I ' ,_ --------------~, ( - PipeliM S 
Figure 2.3. Location of ammonia manufa cturing plants , croygenic storage 
points, and ammonia pipelines in Iowa 
Ja. R. Thorsheim, Director , Fertilizer Division, Iowa Department of 
Agriculture, Des Moines, Iowa, personal communication, 1971 . 
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2.5.2. Ammonia retailing in Iowa 
Anhydrous ammonia retailing in Iowa started its growth in the late 
50's and matured in the late 60's. In 1965, the first year that r ecords 
on retail outlets were available, there were 432 retail outlets with 
average yearly sales of 323 tons per plant. By 1970, this had grown to 
1308 reta il points, with average yearly sales of 399 tons per retail 
4 outlets . The number of retail outlet appears to have stabilized with 
entrants equalling exits. Because anhydrous and blended fertilizers are 
highly complementary, they are us ually sold in conjunction with each 
other . 
Thus far the discussion has centered on the manufacturing and dis-
tribution of fertilizer in Iowa and the United States . The next section 
will deal with the distribution of ammonia in the Fort Dodge Functional 
Economic Area. First it is necessary to explain the Functional Economic 
Area concept and the reasons for choosing this area. 
2. 6 . Functional Economic Areas 
The geographic area with which this s tudy deals is the Fort Dodge 
Functional Economic Area. The purposes of this section are to explain 
the concept of a Functional Economic Area, and t o provide a brief de-
scription of some of the salient agronomic facts of the Fort Dodge area. 
4
Thorsheim, text referral, p. 19. 
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2.6.1. The Functional Economic Area 
Fox, in a number of continuing studies (7, 8, 9) , has shown that 
the county is too small a unit to comprise a self-contained economic 
area. Fox makes a number of basic assumptions about the consumption 
habits of people, including the assumption that consumers attempt to 
organize their time as effectively as possible in order t o gain the 
greatest utility. This means that the basic pattern of travel is 
temporal. This desire to utilize time efficiently, and the innovation 
of the automobile, has completely transformed the American society and 
essentially stripped the counties of their economic usefulness. 
In place of the county Fox proposes an economic unit which he calls 
a Functional Economic Area or a low densJty city: 
5 A labor market area is relatively closed or bounded 
with respect t o the income-producing activities of 
its residents. It is also relat ively closed or 
bounded with respect to a cluster of consumer-oriented 
or "residentiary" activity. Almost all of the labor 
resident is sold within it and almost all of the goods 
consumed i n the area are bought within it (7) . 
From the definition it is evident that ther e is a de facto monopoly on 
the labor market . Furthermore, the Functional Economic Area is people 
rather t han resource oriented. The Functional Economic Areas located 
in the Midwest are usually considered to have an agricultural export 
base. 
5 
Labor market area refers to the low density city. 
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Conforming to the temporal nature of travel, people have been found 
to be unwilling to travel more than one hour for purposes of labor or 
consumption. Since an hour's travel time on the open highway is approxi-
mately 50 miles, the distance from the center of the Functional Economic 
Area to i t s periphery is about 50 miles . This would mean a circle shaped 
Functional Economic Area under conditions of no competition , or a hexagon 
s haped Functional Economic Area under idealized competitive conditions . 
But, due to the rectangularity of our north-south, east-west highways, 
t he locus of point s equidistant from the center which mos t closely 
approaches a hexagon is a square with its sides rotated at a 45 degree 
angle to the road sys tem. The square rotated 45 degrees, then, best 
describes the s hape of a Functional Economic Area . A Functional Economic 
Area has an area of from 4 , 000 to 6,000 square miles, and a population 
of more than 150,000 people. 
Figur e 2.4. Map of suggested Functional Economic Areas in Iowa 
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2.6.2. Fort Dodge Functional Economic Area 
The Fort Dodge Functional Economic Area is comprised of nine 
counties located in North-Central Iowa. The area is named after the 
central city which had a population of 31,263 in 1970. There was a 
total of 185,701 people in the 5,161 square mile area at the time of 
the last census (23). 
The counties in the Fort Dodge Area are: Boone, Calhoun, Carroll, 
Greene, Hamilton, Humboldt, Pocahontas, Webster, and Wright. The area 
is shown below in Figure 2.5. 
Figure 2 .5 . Map of Iowa and the Fort Dodge area 
As stated earlier, the Functional Economic Area is a self-contained 
labor unit. The principal product, or the basis for the economy of the 
Fort Dodge area, is agriculture. 
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Nevertheless, agriculture is still the dominant 
sector of the area when we count both its direct 
and indirect effects on total employment. The 
combination of agriculture and manufacturing 
associated with agriculture is so dominant that 
it describes almost all the economic base that 
permits existence of the nine-county area (8). 
The Iowa Extension Service, on September 1, 1967, began serving the 
area from the Fort Dodge University Extension Office . The Extension 
Service was reorganized in recognition of the change to area problems. 
The county units have been maintained because of the past economic in-
formation and the present governmental organization. The area office 
employs area specialists who advise and supplement the county extension 
personnel. 
The number of farms and people living on those farms has been 
steadily decreasing, while the average farm size of the area has been in-
creasing . Table 2 . 5 indicates some of the current statistics of the 
area's and the state's agriculture. It is projected that by 1980, the 
area will have between 8,000 to 10,000 farms with an average size of 
320 to 400 acres per farm (14). 
The soils of the Fort Dodge area are members of the Clarion-Nicollet7 
Webster Soil Association Area, except for those in the southwest half 
of Carroll County. The latter are members of the Marshall Soil Associa-
tion Ar ea . The area's soils are members of the Brunizim and Humic Gleys 
great soil group , which are among the most productive in the world. The 
topography is nearly level to gently sloping. Soils which could be 
continually row cropped comprise 76.7 percent of the cropland , and soils 
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that would adapt to row crops every two years in a four-year rotation 
comprise 18.1 percent of the total cropland. 
Teble 2.S. rara Ilise and tara population ot the Fort. Dodge area and Iowa, 1970 (15) 
111.mber ol 
Wllllber Total Total Persons Living 
ot Land in Averege Square on Paras 
Count7 ranu Faraa Size ftilH Jao. l, 1970 
Boone l,liOS 3116,8$1 247 Sn S,449 
Calhoun l,Jl.9 354,788 269 568 4, 129 
Carroll l,SJO 361,719 236 Sn 6,601 
Ore- l,219 35li,274 291 S74 h,37$ 
Baail.t.on l,446 359,747 24.9 S10 5,101 
Rullbolctt. 942 2n,926 289 438 3,578 
Pocahontu 1,285 362,617 282 476 5,0S5 
'Webster l,SS2 429,412 277 714 5,910 
Wr1&ht 1,.)18 363,438 276 575 4,914 
Area 12,016 3,204,772 267 S,161 hS,703 
State 13$,264 33,689,813 249 S6,0hS $20,lJl 
The Fort Dodge ar ea is a heavy cash gr ain produc t ion area. The 
major crops are corn and soybeans. Although comprising only 9.4 percent 
of the total land i n farms of Iowa, this area accounted for 12.6 percent 
of the total corn production and 17.8 percent of the total soybean pro-
duction in 1970 (15). Table 2 .6 gives the fertilizer usage and acres of 
corn harvested in the Fort Dodge area. 
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Tabl.e 2.6. 'erti.lizer usage end corn production in the Fort. Dodge area md Iowa 
!or H.1ected ;rears ~15,22) 
1' ort. Podge Area I ova 
Acree Average Tons ol Aoree .lvei=iie Tone of 
ol corn bushel lertWzer ol corn bushel lertWur 
Tear per acre used per .ere used 
1970 1,172,402 91.9 298,)60 10,004,162 85.8 2,645,482 
1.966 1,173,400 91.5 167,.346 l0,603,400 89.0 1,301,478 
l.961 1.125,000 77.7 84,661 10,253,900 75.4 6)8, 5$8 
1956 l,074,700 43.3 53,158 10, Olli' 704 53.0 377,037 
1951 1,244,800 43.4 Jl,287 10,1)1,824 43.0 321,lBo 
1946 1,355,800 60,o 25,419 11,047,20) 51.0 182,651 
The area is a relatively heavy user of fertilizer. In 1970, the 
area consumed 13.9 percent of the total plant nutrients used in the 
state (22). Figure 2.6 gives the primary plant nutrient consumption 
since 1950. 
150 
100 
0 
1950 
PLANT NUTRIENT CONSUMPTION 
FORT DODGE ARFA 
1955 1960 1965 1970 
Figure 2.6. Primary plant nutrient consumption for the For t Dodge 
area (22) 
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Of the Functional Economic Areas in the state of Iowa, the Fort 
Dodge area is probably the heaviest user of anhydrous ammonia. In 1970, 
the area consumed 15.1 percent of the total anhydrous used in the state 
(22). The total tonnage used was 78,703 tons, and this accounted for 
77.7 percent of the total nitrogen used in the area (22). Table 2.7 
gives the ammonia consumption for the Fort Dodge area for selected years, 
and Figure 2.7 depicts the consumption of selected nitrogen fertilizers 
since 1962. 
60 
40 
20 
0 
Tboueand Tone 'T""---"T"'---..,....----. 
1962 
Anhydrouo Ammonia I 
I 
/ 
1964 1966 
I 
I 
' I 
I ' I 
I ' I 
1968 1970 
Figure 2.7 . Consumption of selected nitrogen products in the Fort Dodge 
arE>a (22) 
Table 2. 7. ~ aJDOnl.a con5W11Ption in t.he Port. Dodge area, for aelected 
;reara (22) 
l'ort. Dodge 
Area 
1962 1965 1967 1969 1970 
~~---~~----~~---~---------Tons---~---------~~---~~------~ 
55,105 
h,476 
161,573 
22,9h0 
200,670 404,blli 525,256 
42,J7J S2,2b6 10,012 
441,561 521,588 
58,475 78,703 
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2.7. Distribution of anhydrous ammonia in the Fort Dodge area 
The purpose of this section is to discuss in some detail ammonia re-
tailing and the market structure of ammonia distribution in the Fort 
Dodge area. 
The characteristics of market structure, set forth by Moore and 
Walsh (17, p. XIV), that will be examined are the number and size of 
dealers within the market, the degree of vertical integration within the 
industry, and the barriers to entry within the market. Since anhydrous 
is a non-differentiated product, that aspect will not be assumed to have 
an influence on market structure. 
The information concerning tonnages was obtained from the state tax 
tonnages reported to the Iowa Department of Agriculture--State Chemical 
Laboratory. The information pertaining to individual companies was con-
sidered confidential. The discussion that follows pertains to the 1969-70 
crop year. 
2.7.1. Wholesalers in the Fort Dodge area 
The wholesalers (the vertically integrated firms or regional cooper-
atives discussed in Section 2.2) provide the off season storage, a portion 
of the credit needs for the retail dealers, the educational needs of the 
retail employees, and at times, the pressurized storage vessel. 
'Ille wholesale sales by type of firm are: 58.4 percent by corpora-
t ions and 41.6 percent by regional cooperatives. Although there is a 
fairly high degree of vertical integration in the Fort Dodge area, there 
are some independent retailers and some sales of anhydrous to local 
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cooperatives by corporations. The six largest wholesalers sell 64.1 per-
cent of the total rumnonia in the area, and there were 28 wholesalers in 
the area in 1970. 
2.7.2. Retail market s tructure in the Fort Dodge area 
2.7.2.1. Number and size In 1969-70, there were 150 retail 
outlets located in 98 different towns in the Fort Dodge area. The 
N\lt11ber 
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Figure 2.8. Histogram of plant size for selected plants in the Fort 
Dodge area, 1966 and 1970 (22) 
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average yearly sales were 521 tons of ammonia per retail plant. Figure 
2.8 presents histograms of tonnages sold by some of the retailers in the 
Fort Dodge area for 1966 and 1970. Due to the method of reporting, ton-
nage volume on all retail plants was not available. 
As is apparent from the histograms there appears to be a fairly 
large number of small volume plants. The average plant size has increased 
between the years of 1966 and 1970. There appears to be more plants with 
significantly larger volumes in 1970. 
2.7.2.2. Vertical integration Table 2.8 designates the 
degree of vertical integration present in the retailing sector. 
Table 2.8. Vertical integration of ammonia retailers in the Fort Dodge 
area, 1970, as measured by form of ownership (22) 
Number 
15 
50 
11 
Type of ownership 
Corporations 
Local cooperatives 
Independents 
Percentage of total 
volume in the area 
49.5 
43.2 
7. 3 
The highest degree of integration in terms of decision making and 
delegation of responsibility is exercised by the corporations. Because 
of leasing arrangements between the regional cooperatives and the local 
cooperatives or between the independent retailers and the wholesalers, 
there may not be independence of buying decisions by these two types of 
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organizations. In other areas of decision making, the local cooperatives 
and independent retailers demonstrate autonomy at the retail level. 
2.7.2 . 3. Barriers to entry The only barrier to entry that 
should be pointed out is that someone wishing to enter the ammonia retail-
ing business would probably also have to supply the other plant nutrients 
through bulk blending or liquid mix. Even considering this, the capital 
requirements are not high and there are no predatory practices which 
would be any more harmful to a new entrant than an established firm. The 
nwnber of new facilities constructed in the mid-sixties is an indication 
of the lack of entry barriers. 
2.7.3. Phenomena within the retail distributing sector 
The purpose of this section is to examine some of the problems and 
practices in the retail distribution of ammonia and develop guidelines 
for a cost study. 
This information is a result of interviews with over 50 retail 
ammonia dealers, wholesalers, manufacturers, and control officials in 
the fertilizer industry; surveys of and by ammonia wholesalers; examina-
tion of sales records of ammonia retailers; trade area studies of five 
retailers; and two years of the author's observations while studying 
and working in the fertilizer industry. Some of the statements are quali-
tative but still important to an understanding of ammonia retail 
distribution. 
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2.7.3.1. History The first retailers of ammonia in the Fort 
Dodge area were independents. This was in the mid 1950's when there were 
substantial profit margins and relatively few distributors. In the latter 
part of the fifties, the cooperatives replaced some of the independents 
in the retail marketing of fertilizer, and substantially increased the 
number of retailers in the market. The cooperatives were multiple pro-
duct farm suppliers since their product lines included feed, petroleum, 
LP gas, fertilizer, and grain handling. The vertically integrated 
corporations started building their crop service centers, which usually 
were comprised of a bulk blending operation and an ammonia outlet, in 
the early sixties. 
One feature that all retailers have in common, no matter what the 
organizational type, is that they are multiple product firms. To the 
author's knowledge there are no firms in the Fort Dodge area which handle 
only a nhydrous - at the very least the retailers sell a full line of 
fertilizers and chemicals. The apparent reason for the mul t iple product 
lines is a better utilization of labor. 
2.7.3.2. Season length Any farm supply operation associated 
with crop growth will be seasonal, but few have the intense seasonality 
typified by anhydrous ammonia. As one ammonia retailer commented: 
6 
"My ammonia equipment sits rusting in the yard for 
50 weeks of the year and the farmer tries to wear 
it out the other two 116. 
Raymond Chartier, Manager, Farmer's Co-op Company, Dallas Center, 
Iowa, personal communication, 1971. 
33 
In the early years of amroonia development, most of the anhydrous was 
applied by sidedressing. Then, to alleviate the short sidedress season, 
some distributors promoted pre-plant season, with hardly any sidedressing 
being practiced. 
The very limited season has resulted in a larger number of delivery 
units throughout the industry, a greater off-season storage requirement, 
and possibly a greater number of retail distributors. The average season 
length for 37 retail distributors, in the Fort Dodge area, during the 
7 1971 pre-plant season was 15.6 continuous days • During this period, 
these retailers sold 93 percent of their total ammonia volume. 
2.7.3.3. Services The anunonia retailers provide a number 
of services for their farmer customers. Most have some type of soil 
sampling program, which ranges from interpretation of the sample's re-
sults to collecting and paying for the sample. Applicators are usually 
provided to the farmer by the retailer. At one time, there was a per 
acre charge for the use of the applicating machine, but this disappeared 
during the price depression of the late sixties. Some retailers provide 
custom application services, or have arrangements with farmers who per-
form custom application. The credit policies of the ammonia retailers 
are dependent upon the individual dealer. Some finance the crop to har-
vest, others have a firm policy of taking a note if payment is not made 
within thirty days of purchase, and some do not have a policy. 
7
L. Thayer, Fertilizer Merchandiser, Farmland Industries, Inc., 
personal communication, 1971. 
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2.7.3 . 4. Advertising The burden of radio-television ad-
vertising is usually carried by the wholesaler. Advertising in the 
local paper, and a promotional dinner for his customers is usually the 
extent of the retailer's advertising. Some of the cooperatives and 
most of the vertically integrated corporations make off-season contact 
with farmers to attract new customers. 
2.7.3.5. Physical facilities This section will deal with 
the physical aspects of delivering the ammonia from the retailer to the 
farmer. 
f IANSl'Olrr Tl UC1t 
Figure 2.9. Typical anhydrous ammonia retailing outlet 
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Figure 2.9 depicts a typical retailing outlet. The pressurized 
storage tank acts as a reserve between transport loads. The annnonia 
is transferred by means of a pump from the storage tank into a nurse 
tank, and then delivered to the farm where it is injected into the soil 
by means of some type of applicating machine. 
2. 7.3.5.1. Storage vessels The pressurized storage 
vessels (bulk tank) range in size from 12,000 gallons to 30,000 gallons . 
The size needed by a retailer will depend on the volume of material 
sold, the proximity to a terminal storage point, and the ability of the 
retailer ' s supplier to deliver the ammonia when needed. Initial invest-
ment costs per ton of storage do not decline with larger storage vessels 
because of the pressurization requirement. Tanks larger than 30,000 
gallons are not used, as this is the largest size that can be shipped 
by rail. As was mentioned earlier, the supplier may provide the bulk 
tank, or other additional storage for a minimal rental fee. 
2.7.3 .5. 2 . Pumps The type and size of transferring 
unit can change the rate of output for a plant. If the rail car "mobil 
storage" is used, a vapor compressor is necessary t o unload the car. 
Liquid transfer pumps are frequently used to increase the rate of output, 
but they may require larger plumbing in the bulk plant (storage vessel 
and pump). 
2.7.3.5.3. Delivery equipment--Trucks A pickup is the 
vehicle most often used in the delivery of ammonia. The retailer will 
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use a 3/4 ton pickup or a 3/4 ton four wheel drive pickup for delivery. 
The four wheel drive is most satisfactory in plowed fields and is better 
for the delivery of the bulk blend fertilizer. Other vehicles, such as 
feed trucks, are utilized in ammonia delivery, or the farmer may "pickup" 
the material himself. 
Nurse tanks--The nurse tanks are the pressurized tanks used to de-
liver the ammonia to the farm. A 1000 gallon nurse tank appears to be 
as large a unit as is practical. A larger unit requires a heavier run-
ning gear, and would require brakes which would make the cost prohibitive. 
The farmer would also· object to a larger nurse tank because of the larger 
power requirement and additional soil compaction that would result. 
One of the criteria used by the ammonia retailers as a measure of 
efficiency is the t ons of material delivered per nurse tank per season. 
In a survey of 28 retailers in the Fort Dodge area, the average efficiency 
was 35 tons/nurse tank/season with a range of 22 tons/nurse tank/season 
to 57 tons/nurse tank/season. The average number of nurse tanks per 
dealer surveyed was 22. 
Applicators--Various types of applicating machines are used. Among 
these are: tool bar applicators, which pull the nurse tanks behind them 
through the field; and tank mounted applicators, which have a pressurized 
mounted tank ranging in size from 200 to 500 gallons. This tank is filled 
from the nurse tank. The tank mounted applicator may be adapted to by-
pass the mounted tank so it too may be used as a tool bar applicator. 
Various farm implements have been adapted to apply ammonia while per-
forming their tillage duties. Some of these are: moldboard plows, 
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field cultivators, disks, and chisel plows. 
There has been a trend to larger applicating machines. When anhy-
drous was introduced, three row applicators with a 10 foot swath were 
used. Now the dealers are providing 30 foot tool bars. 
No matter what type of application method is used, there are some 
peculiarities about the application of anhydrous that should be mentioned . 
A proper seal must be obtained after the liquid is injected into the 
soil or the ammonia will escape into the atmosphere . This means that 
some device on the app l icator to seal the injection hole is usually re-
quired. Although the expansion radius of the anhydrous is usually not 
mor e than three inches, it is desirable to place the anunonia about six 
inches deep (slightly deeper if the soil is sandy). 
The 28 retailers surveyed owned an average of eight tool bar appli-
cat ors and five tank mounted machines. The average efficiency per appli-
cator per season was: 57 ton/applicator/season with a range of 33.3 
ton/applicator/season to 88 ton/applicator/season. 
2 . 7 . 3.6 . Study of five retailers To obtain some idea of 
the average number of miles a retailer must travel in delivering ammonia 
to customers (average length of haul) for ammonia retailers, a study of 
the 1971 ammonia sales of five dealers was made. The trade area for 
each dealer was marked off i n mile increments from the plant, and all 
customers and their usages were located. Estimates of the demand densi-
ties for each retailer's trade territory were made. The retailer's share 
of each increment mile was measured against total demand in that mile to 
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determine the retailer' s market share . Table 2. 9 gives the result of 
this study. 
Table 2,9. Average one way haul for 5 retail ..-inia dealere and their urket ehar9, by incre•11nt mile 
Mile l 2 .3 4 6 1 8 9 10 ll 12 l3 14 15 Plant Average 
Total Haul 
Tonnage Distance ------~~--~-------~--J o! Total Doaand -----------~~-~---~--~ (One....,avl 
Planl l 100 100 81 49 41 .38 50 .37 .31 .32 17 ll 9 2 8 1985 6. 6.3 
Plant 2 100 100 100 84 .31 25 9 1 6 4 l l 1039 4.10 
Plant. .3 100 92 78 76 56 47 58 .32 23 9 8 1547 5.72 
Plant 4 100 75 .32 26 21 17 9 7 .3 .3 4 · 5.31 4,79 . 
Plant. 5 9 .3.3 29 20 25 15 10 .3 l 441 6.91 
Composite 100 92 10 51 37 JO 27 19 12 1 5 5 l 9 U 60 6,37 
The composite was adjusted for differences in demand density between 
trade areas. A rather interesting phenomena was noted--the market share 
of the firms declined with distance from the plant. This is represented 
graphically in Figure 2 .10. 
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Figure 2 . 10. Graphic representation of declining market share for five 
ammonia retailers in the Fort Dodge area 
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2. 8. Summary 
The descriptive information in this chapter can be used for purposes 
other than characterizing the fertilizer industry and ammonia retailing . 
Much of the information is used in this study as assumptions for develop-
ing a cost model for estimating the cost of retailing ammonia. 
There are a number of reasons for developing cost estimates of re-
tail ammonia distribution. First, it became apparent during the cour se 
of interviewing ammonia retailers that a need exists for a systematic 
approach to the analysis of retailing costs . Most retailers i nterviewed 
had only a vague idea of what the costs of their arranonia operations wer e , 
and there were conflicting opinions about whether costs were reduced 
with increased volume . The cost data available to the retailers is 
usually combined with other product costs, which makes it difficult for 
the retailer to de t ermine the cost of retailing anunonia . Second , cost 
es timates are necessary if comments about the relative efficiency of 
individual plants and the retailing market structure are to be made . 
Once cost estimates are developed it will be of interest to examine 
certain events or problems: Would retailing cos ts be influenced by a 
change in the government price support program? What would happen to 
costs if there were a longer period of time to make delivery to the 
farmer? Will increasing application rates have an influence on costs? 
What is the influence of competition on a retailer' s costs? 
It will be the purpose of the remainder of this study to develop 
cost estimates of ammonia retail distribution, and to examine the 
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influence of t he factors mentioned in the preceding paragraph on these 
costs. The next chapter will deal with the theoretical development of 
cost concepts germane to a firm in a spatial setting. 
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3, PLANT AND DELIVERY COST RELATIONSHIPS 
The purpose of this chapter is to present and examine cost relation-
ships relevant to a spatially oriented firm. The method of development 
will be to examine plant cost and delivery costs, separately, and then 
to combine these component costs to arrive at retail distribution costs. 
This will not be an attempt to explain in detail the theory of the firm, 
as no reference will be made to revenue maximization. Rather, what 
follows is a discussion of modifications of conventional cost theory 
needed in this study to examine costs of retail distribution
1
. 
3.1. Plant costs 
The plant cost sections will deal with the particular assumptions 
made, and the impact of these assumptions on conventional plant costs 
in the short and long run . 
3.1.1. Modification of production costs 
Constant variable plant costs were assumed. The justification for 
this simplification is drawn from the plant operations study by French, 
Sammet, and Bressler (11). They define the production process in terms 
of operating stages. The plant is defined as the integration and aggre-
gation of all plant stages, transferring links, and temporary storage 
necessary to produce the final product or products. The conventional 
theory of increasing variable costs has its most direct application to 
1ror a complete examination of the theory of the firm see Cohen and 
Cyert (4). 
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the individual stage and is not applicable to the plant because: 
As the various stages becomes more directly connected 
i.e., as between-stage transportation and the opportun-
ities for temporary storage are reduced, the flow of 
these materials become highly integrated. Unless rate 
of output at all stages can be varied simultaneously the 
impact of such integration is to lessen the possible 
range of rate variation at any particular stage. In 
the extreme, this may reduce to virtually a single 
rate or perhaps several discrete rates (11, p. 547). 
If the rate of output is held constant, and total output is varied 
by varying the hours of production, the uniform level of intensification 
in the rate sense should produce constant variable costs. Also, since 
cost and volume are both linear functions of time, they are also linear 
functions of each other (11, pp. 548-49). 
In addition to the integration of plant stages limiting rate varia-
tion, technical restraints may have the same effect. The technical re-
quirements of a machine may, in fact, dictate a single rate of output. 
Even if the individual machine can have different rates, inputs associated 
with the machine, such as labor, will be added in a fixed proportion no 
matter what the rate. The technical restraint on rate variation, and 
the addition of labor in fixed proportions again imply constant variable 
costs. 
If plants of different size are considered, all plants will have 
constant variable costs . But, the constant variable costs will differ 
between plants . 
These modifications of production theory can be applied to the 
anhydrous ammonia retail plant. The image of a "plant" in the sense of 
producjng a product, processing a product, or somehow changing the form 
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of a good does not apply at the retail l evel of ammonia distribution. 
Rather, the r etail plant acts as a trans fer unit and a temporary storage 
point between the wholesaler and the farmer. The technical factor of 
constant pump speed , and the fact t hat a laborer mus t be present whether 
filling one or two nurse tanks indicate that t he assump tion of constant 
variable costs can safely be made. 
3 .1.2. Plant cost in the short run 
The short run is defined , in this discussion, to mean that certain 
factors of production are fixed. The pl ant costs may be expressed in the 
following manner: Let TPC r epresent t otal plant cos ts, PFC plant fixed 
2 
cost, PVC plan t variable cost , and D plant volume (tons). Then, tota l 
plant costs are the summation of plant fixed cost and plant variable 
cost. 
(3.1) TPC = PFC + PVC 
But, plant variable costs may be expressed as the product of plant volume 
and constant per unit variable costs AJIVC, 
(3.2) PVC = (D) (APVC) 
substituting 
( 3 . 3] TPC = PFC+ (D)(APVC) 
which expresses total plant costs a s a f unc tion of plant fixed costs , 
2 
Since, in the case of constant variable costs, marginal costs and 
variable costs will be equal, the above discussion does not include 
references to marginal costs . 
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constant per unit variable costs, and volwne. 
The average plant cost, APC, is TPC divided by volume . 
(3.4) APC "' P~C + APVC .. AFPC + APVC 
The relationship between plant volume and total costs and plant 
average costs are presented graphically in Figure 3.1. 
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Figure 3.1. Total and average plant cost in the short run 
It should be noted that average plant costs are at a minimum at plant 
capacity. This departs from the usual textbook representation where, be-
cause of incr easing variable costs, the minimum average plant cost would 
occur at " less than full plant volume". 
3.1.3. Conventional long run plant costs 
If all of the fac t ors of production are assumed to be variable, a 
long run condition exis t s. Long run costs can be represented graphically 
(Figure 3.2) as the envelope of a series of short run aver.age cost curves. 
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Figure 3.2. Conventional long run average plant cost curve 
The long run cost curve, or planning curve, is the locus of produc-
tion points at which each individual short run plant produces at a lower 
per unit cost than any other plant. Given the increasing variable cost 
assumption, there is only one case where the minimum short run cost of 
a plant is tangent to the minimum point on the long run cost curve. This 
particular plant size may be termed the optimal or least cost plant. The 
decreasing portion of the curve is explained by pecuniary (i.e., the 
larger plants can drive a harder bargain for inputs) or technological 
factors. The increasing portion of the curve is normally explained by 
the inability to coordinate the plant operation. 
3.1.4. Modification of the long run average cost curve 
Given the assumption that variable costs are constant, the short run 
cost curve for each plant is tangent to the planning curve at a level of 
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output corresponding to the capacity of that plant. No diseconomy plants 
were budgeted in this study, resulting in the L-shaped long run average 
cost curve repr esentative of empirical findings (4, p . 144). These cost 
relationships are represented by Figure 3.3. 
Cost 
Per 
Unit 
Tons 
Figure 3.3. Modified long run average cost curve f or plants with constant 
variable costs 
3.2. Delivery costs 
Plant costs are only a portion of the costs facing a spatially lo-
cated business . The other portion is the cost of moving the product 
from the plant to the customer. 
The cost of delivering the product depends on the distance it must 
be hauled, on the hauling cost per mile, and on the number and cost of 
the delivery units required. 
The presentation which follows is an adaptation from French's "Some 
Considerations in Estimating Assembly Cost Functions for Agricultural 
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Processing Operations" (10). Whether the problem is one of moving a 
conunodity such as grain from the farm to a central handling point, or 
one of delivering an input such as fertilizer to the farm, the concepts 
which French develops are equally valid. 
3.2.1. Relating variable delivery costs to plant volume 
This section includes a development of the relationship between 
variable delivery costs and plant volume. First, average length of haul 
is related to plant volume. Then, variable delivery costs are related 
to average length of haul. And finally, through average length of haul, 
variable delivery costs are related to plant volume. 
3.2.1.1. Relating av erage length of haul to plant volume 
Figure 3.4 depicts the spatial setting assumed for retail plants in this 
study. A square grid system of roads is the road pattern normally found 
throughout much of the central part of the United States. 
y 
Figure 3.4 . Spatial location of plant 
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Assume that the retailer has a 100 percent market share in his trade 
area. Let D represent the volume demanded in the trade area, and assume 
it is the same as plant volume. Further, assume that the customers are 
spread uniformly across the trade area (demand plane). Tile uniformity 
of spacing allows us t o use an average density of demand, P, which yields 
a continuous approximation to the actual relationship between volume 
demanded (D) and distance traveled from the plant (a). Tilen, 
(3.5) 3 D = 2Pa2 
is demand in relation to a . 
If density, P, is uniform throughout the trade area, the average 
travel distance, A for a square trade area with a diagonal distance 2a, is 
(3.6] 
and using (3.5] 
(3.7) 
- 4 fa fa-x A=--
area o o 
(x + y) dydx 
2 Dl/2 Dl/2 
A • J 
2
1/2pl/2 • •4714 p-1/2 
2 
=3a 
which expresses the average length of haul in terms of plant volume and 
demand density . 
3 . 2 . 1.2. Relating variable delivery cost to average length of 
haul Next, it is possible to relate variable delivery costs and the 
average length of haul . French states: 
3 2 2 2 2 Note: Since area • side (x) squared and 4a - 2x , x a 2a . 
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The total cost of transporting the product from 
the plant to any customer depends on the equipment 
used, the labor used with each piece of transport 
equipment, the work methods employed by the labor, 
the distance from the plant to the customer, the 
speed of travel, the total volume of product 
handled per trip and per season, and waiting time 
at the plant or in the field (10, pp. 769-70). 
The cost per load was assumed to be a linear function of distance 
traveled. Since the load capacity of anhydrous ammonia nurse tanks is 
strictly limited by the pressurized container requirement, and because 
volume per trip is near capacity limits, it was assumed these restraints 
would effective ly limit load costs before cost per load i ncreased at an 
increasing rate. Further, since vehicle speed is restricted by road 
conditions and legal speed limits, it was assumed that vehicle speed 
could be averaged. 
With these simplifications and given hauling methods, the variable 
delivery cost per unit of conunodity is composed of: (1) a constant cost 
per unit b , a ssociated with loading, unloading and average waiting time, 
0 
and (2) a constant cost per unit of distance (mile) traveled, b
1
, which 
includes costs of labor, gasoline , maintenance, etc. (10, p. 773). For 
a single demand point, the variable cost of delivering any given volume 
D, is: 
(3.8] 
where A is the distance traveled to one demand point. 
For several discrete demand sources, the variable delivery cost per 
season is the weighted sum of the delivery costs to each demand source 
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where the weights are volumes transported to each demand source. 
That is: 
(3.9) 
where D and A are defined as above and i refers to a particular demand 
source. 
Using the assumption that demand is uniform in the trade area, total 
variable cost may be expressed as 
(3 . 10] 
where A is the average length of haul. 
3.2.1.3. Relating variable delivery cost to plant volume 
Now, by substituting equation 3.7 in equation 3.10, we obtain an approxi-
mation to the relation between variable delivery cost and plant volume, 
(3.11] 
.4714 
01/2 
1/2) p 
This relationship implies that total variable delivery costs increase at 
an increasing rate. By dividing equation 3.11 by volume, we obtain: 
(3.12] .4714D
1/ 2 
-1/2 ) 
p 
which implies average variable delivery costs increase at a decreasing 
rate. Williamson has presented an intuitive explanation of this 
relationship: 
Since the increase in radius of the supply area associated 
with a unit increase in the farm connnodity [delivered) de-
creases as total quantity [delivered) increases, the average 
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over-the-road haul and [delivery] costs will increase at a 
decreasing rate as quantity of commodity [delivered] in-
creases (27, p. 954). 
The relationships between plant volume and variable delivery costs 
are presented graphically in Figure 3.5. 
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Figur e 3.5. Graphic representation of total and average variable de-
livery costs 
3.2.2. Determination of the number of delivery units 
Thus far the variable delivery costs have been related to plant 
volume. Next it is necessary to determine the number of delivery units 
needed, and the fixed delivery costs for a given technology level. This 
will be accomplished by first relating the season length to the number 
of delivery units needed. 
Let H represent the working hours effectively available. The ex-
pression g
0 
+ g1A is the delivery time per unit of product, where g0 
includes loading time, unloading time, and allowances for average time 
loss due to the impossibility of coordinating plant and delivery 
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operations, and g
1 
is the average per unit of volume per unit of distance 
traveled. Then the number of delivery units, N, is the smallest whole 
number such that: 
[3.13] 
If there are different types of equipment in the delivery system 
they may have different effective working hours, H (e.g., applicator 
working hours would be associated with farmer working hours, while pickup 
working hours would more likely be associated with plant working hours). 
Tilus, there may be a different value of N for each type of delivery 
equipment. 
Let F represent the yearly fixed cost associated with a single unit 
of one type of delivery equipment. Then, the yearly fixed cost for that 
type of delivery equipment is: 
[3.14] 
and 
[3.15] 
FDC = FN 
AFDC • FN 
D 
is the average yearly fixed delivery cost. 
Figure 3.6 depicts relationships between yearly fixed delivery costs 
and volume for the case involving only one type of delivery equipment. 
Two points should be noted: (1) the total yearly fixed delivery cost 
is represented as a discontinuous function, that is a result of an ina-
bility to add part of a delivery unit. (The latter occurs because as 
53 
each successive unit is added, the volume of material it can deliver is 
reduced due to the additional on the road travel time.) (2) The average 
fixed total delivery costs are a series of declining curves. 
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Figure 3.6. Graphic representation of total and average fixed delivery 
costs 
3.2.3. Total delivery costs 
When only one type of delivery equipment is used, total delivery 
costs, TDC, are the combination of [3.11] and [3.14]. 
[3.16] .4714 0
1/2 
-1/2) + FN 
p 
Average total delivery costs, ADC, are the combination of [3.12] and [3.15] • 
[3.17] ADC . 4 7140
112 + FN 
Bl/2 D 
Average total delivery costs are represented in Figure 3.7 for one partic-
ular set of delivery units. 
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Figure 3. 7. Average delivery costs and component costs 
3.2.4 . True long run delivery costs--a note 
ADC 
AFDC 
This study considered only one assembly technique (pickups and 1000 
gallon nurse tanks). For a "true" long run analysis to determine minimum 
long run delivery costs, it is necessary to consider all labor intensities 
and assembly techniques: 
Alternatives may be defined in terms of assembly technique 
(a particular type of equipment combined with efficiently 
organized labor) and the level of labor intensity (the 
quantity of labor used in relation to the quantity of 
equipment). These different techniques and levels of 
labor intensity are associated with different values of 
the coefficients for cost (b
0
,b
1
) and time (g
0
,g
1
), then 
allowing D and H to take on all possible values defines 
the volume-distance-hours areas for which particular tech-
niques and labor intensities give least cost and, corres-
pondingly, defines the long-run transportation cost sur-
face for efficient operation under these conditions (10, 
pp. 74-75) . 
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By restricting technology to one level, the long run retail distri-
bution costs can be obtained when the delivery costs are combined with 
long run plant costs , bu t only for that technology level . 
3 . 3. Retail distribution costs 
The costs which are of interest to the ammonia retailer are the 
combination of plant and delivery costs. This combination will be re-
ferred to as the retail distribution cost. If the plant cost curve and 
delivery cost curve are not dependent upon one another in any way, it 
is permissible to add these cost curves (27, p. 954). 
3.3.1. Individual plant retail distribution costs By set-
ting demand, D, equal to plant capacity it is possible to solve equations 
[3 . 16) and (3.17) to determine the delivery cost for a plant at its 
capacity. Retail distribution costs, RDC , for an individual plant, p, 
p 
then are the combination of (3 . 3) and (3.16). 
(3.18] 0
1/2 
RDC '"' PFC + PVC + D(b + bl .4714 l/2) + FN p p o B 
and average retail distribution costs are the combina tion of (3.4] and 
[3.5] 
[J . 19] ARDC 
p 
0
1/2 
PFC + APVC + (b
0 
+bl .4714 l/ 2) + FN p p 
The average retail distribution cost and its component costs for a given 
plant and set of delivery equipment are depicted in Figure 3 . 8. 
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Figure 3.8. Average retail distribution cost and its component cost 
curves for an individual plant 
There is a special case which will be noted in the empirical discus-
sion, that of a plant not having enough delivery equipment. This condi-
tion may be a result of: a limited labor supply, not being able to 
capture enough market to justify the addition of more equipment, etc . 
Whatever the reason, this shortrun possibility does exist and i s presented 
in Figure 3.9. 
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Figure 3 . 9. Average retail distribution cost for a plant with limited 
delivery equipment 
3.3.2. Long run retail distribution costs 
If the factors of production and delivery are allowed to vary, it is 
possible to determine the average long run retail distribution costs , 
I.ARD. The average long run retail distribution cost curve is the combi-
nation of the average long run plant cost curve and the average long run 
delivery cost curve. Figure 3.10 depicts these cost relationships. 
A few things should be noted about the long run average delivery 
cost relationships . First, the downward sloping portion of LARC repre-
sents the minimum equipment requirement possible. (In the case of 
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anhydrous retailing the firm must purchase one pickup . ) Second , the LADC 
is represented as a continuous curve. This implies that the problem of 
discrete delivery units is ignored. The estimate of I.ADC used in this 
4 
study is the ADC for each plant at its capacity . 
C _ -- -- __ ""':.::~:-=-,-------- L ARC 
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Figur e 3.10. Graphic repr esentation of the long run average retail dis-
tribution cost and the component costs of long run plant 
cost and delivery costs 
It is apparent that there is a plant size, M, that when combined with 
deliver y costs will yield a minimum long run average retailing cost, C. 
This will be the optimum plant size-delivery cost combination that this 
study will try to ascer t ain . 
4 
There is a possibility of a special case existing where retail dis-
tribut ion costs would be at a minimum at less than plant capacity. This 
possibility wa; checked empirically and found not to be a factor . 
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3.4. Influence of season length, market share, etc. on reta iling cost 
It is possible to determine the influence of different season lengths, 
market shares, government price-support programs, and rates of applica-
tion on retail costs. 
An increase in the effective working hours, H, is most comparable 
to a shift in technology. An increase in the season length will resul t 
in the long run average cost curve shifting downward. 
A longer season should reduce the number of delivery units, and thus 
the year ly fixed delivery cost. It should be noted that due to the ex-
pansion in working hours each unit will handle more volume, as more time 
is allowed t o handle a given volume. 
Figure 3. 11 represents the cost change due to a longer season for 
t he long run average plant curve and a single delivery unit. 
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Figure 3.11. Influence of a change in season length on long run plant 
costs and yearly fixed delivery cost of an i ndividual 
delivery unit 
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It is not readily apparent what influence a change in season length 
would have on variable delivery costs as there would most likely be 
changes in work methods also. 
Demand density, P, is measured in units of tons per square mile, 
in this study. Demand density is a function of the number of pounds of 
ammonia used per acre and the number of acres of corn . If either the 
rate pr the number of acres are increased, P, will also increase. The 
influence of an increase in demand density would be to reduce variable 
deliver y costs through a reduction in average haul distance. 
Also the demand density affects the average fixed deli very costs 
through A, average travel distance. Fewer delivery units would be needed 
as average travel distance is reduced due to the increased demand density. 
One of the restrictive assumptions used in relating plant volume to 
delivery cos t was that the retailer obtains 100 percent of the demand in 
his t r ade area. This assumption becomes important if determinant solu-
tions to optimum size of plant, location of plant, and optimum number of 
firms in an industry are desired for spatially located firms in long run 
equilibrium
5
• If the market share is less than 100 percent the variable 
delivery costs would be increased through an increase in average length 
of haul. Again fixed delivery costs are also affected by the change in 
average length of haul. 
5
For a full development of these concepts see Williamson (27). 
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3.5. Past studies of ammonia retailing 
There have been only a limited number of studies dealing with 
ammonia retail costs. Rathjen a nalyzed the current retail cost structure 
of anhydrous ammonia and bulk blending in Minnesota (20). Table 3.1 pre-
sents the comparative costs of different outputs for ammonia from this 
study. 
Table 3.1. Oort est.illlate1 far .-mi.a reta.ill.ng in hinne1ot.a for speoi&lized 
product t1raa ( 20) 
Output-Tona 
Finl 'l'ype 
Speciall:r:ed 
Multi-product 
211 S34 682 l6oO 2224 . 2432 
------------!11t.1.aated Cost/l'on------------
S87 .36 $37 .24 $24.bO $lb.OO $14.42 $12.BS 
37.23 16.S2 13.S4 10.So 16.09 9.68 
From this information, Rathjen concludes that there are significantly 
lower costs due to increased size. For the specialized firm, comparable 
to the vertically integrated firms in this study, the decrease in cost 
due to increased output was $74.53 per ton. For the multiple-product 
firm, comparable to a cooperative or independent retailer in this study, 
the decrease in cost due to increased output was $27.64 per ton. Since 
over half of the firms delivering ammonia in Minnesota have tonnage 
volumes of less than 400 tons and the retail margin is about 20 dollars 
per ton, Rathjen concludes there are a large number of firms losing money 
at the retail level. The major reason retail firms did not exit from 
the ammonia industry, according to Rathjen, is that the manufacturers are 
assuming some of the retail cost to assure sale of production capacity. 
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Rathjen ' s conclusion r egarding reductions in cost due to economies 
of size is subject to question because some of his analytical procedures 
are questionable. Rathjen states that the economies of size between 
plants would result from technical economies (20, p. 33) , but he only 
considers one plant. Table 3 . 1 actually represents cost points for 
s ucc eedingly larger level of output on a single shor t run cost curve 
for a single plant. 
Another questionable procedure involved merging plant fixed costs 
and delivery fixed costs. Handling the fixed costs in this manner results 
in a loss of the relationship between increasing delivery cost and de-
creasing plant cost . 
A few technical mistakes should also be pointed out. The particular 
pump- motor combination Rathjen chose has a theore tical capa city of 2400 
tons for the 300 hour season he us es, and a practical capacity of 1500 
tons. Yet in his analysis a capacity of 6000 tons per season is included. 
No time allowances were made for the farmer using the nurse tank to 
apply the anhydrous. Applicator costs were not included. Finally, 
Rathjen points out the farmers desire for increased services in the form 
of delivery to the farm, yet he includes the cost of only one pickup. 
Rathjen adopted the cost data from the s tudy of ammonia and nitrogen 
solution retailers in Nebraska by Rudel and Walsh (21). The Nebraska 
study was a short-run break-even analysis based on economic engineering 
data and survey data gathered in Nebraska. Rudel and Walsh state that 
the retail market in Nebraska has been characterized by t he following 
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factors in recent years: 1) the entry of an excessive number of small 
retail plants due t o manufacturers attempting to market their excess 
manufacturing capacity, 2) much of the cost of retailing has been shifted 
t o the wholesalers , 3) the es t ablished plants have been prevented from 
growing in size by the entry of many new small retail plants, and 4) the 
entry of the new plants was i n the face of decreasing r etail margins . 
The authors explain the rather contradictory actions of the retailers 
in the following manner: 1) many of the retailers have been following a 
short run policy of selling below full cost to recover s ome of their 
fixed investment, 2) the firms that sell ammonia are multiple product 
firms and have been covering their losses in ammonia with revenue from 
other products, and 3) some of the costs have been passed along to the 
manufacturer through vertical integration. 
Table 3.2 presents the cos t information Rudel and Walsh base their 
conclusions on. In 1967, 43 per cent of the ammonia retailed in Nebraska 
came from plants with annual volumes of less than 400 tons (21, p. 12). 
Table J,2, tumionin rotailinc costs for Uebr aska Bl!lllonin diatributors ( 21) 
Output Ton 
Cost. 
207 
'.j;J9 .J6 
511.i 
018.45 
91.iJ 
$13. 78 
l,571 
$10.97 
2,658 
$9,20 
Agai n, the cost information is s ubj ect to some criticism: 1) the 
particula r plant that was used is not practically capable of more than 
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1500 tons in the 300 hour season used, 2) there is no distinction made 
between plant costs and delivery costs, 3) no applicator costs were in-
cluded, 4) from the information available it appears that no variable 
operating costs for the pickup were included, and 5) only one pickup was 
included for the entire tonnage range considered. 
These past studies of ammonia retailing suggest that there is a 
need for a full identification of costs associated with ammonia retailing. 
It will be the purpose of the next chapter t o do so. 
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4. IDENTIFICATION OF COMPONENT COSTS FOR AMMONIA RETAILERS 
The purpose of this chapter is to specify the cost coefficients and 
time parameters for the relationships discussed in Chapter 3. 
4.1. Cost model overview 
.As the discussion which follows is rather detailed, a general des-
cription of the cost model will be given here. The cost model is designed 
to incorporate many of the practices observed in the preliminary surveys 
of retailers. 
liecause anhydrous ammonia is sold from multiple product firms, ob-
taining statistical cost data on retailing is quite difficult. The 
phenomenon of multiple product sales results in accounting costs for 
anhydrous being merged with other product costs. For this reason, a 
modified engineering cost approach is the method of cost determination 
used in this study. When possible the technical input-output relation-
ships (true engineering costs) for ammonia retailing operations are used. 
But, for some operations the engineering cost method yields information 
that is not descriptive of t he observed retailing activities. In these 
cases, other means of cost determination are used. 
Six different plants are budgeted, four farm supply unit plants 
representative of full farm suppliers, and two specialized plants charac-
teristic of the vertically integrated fertilizer dealers. The major 
difference between the two firm types is that plant labor for the 
specialized plants is fixed while it is variable for the farm supply unit 
plants. All plants are budgeted with constant variable costs. 
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The delivery costs are comprised of driver labor, and pickup, nurse 
tanks, and applicator costs. To reflect the various types of applicating 
equipment a composite applicating machine is developed. Adjustments for 
different rate levels (number of pounds of ammonia used per acre) and 
changes in season length are made for this composite machine. 
Time parameters to reflect loading, unloading, waiting in the field, 
etc. are developed to determine the number of pickups, nurse tanks, and 
applicators needed. Adjustments in the time parameters are made for 
different rate levels and the two season lengths. The cost model is 
designed to select the number of pickups, nurse tanks, and applicators 
needed for different volumes of ammonia for a particular combination of 
season length, market share, and demand density. 
An attempt is made to reflect costs of firms with multiple product 
sales. The criterion used in this determination is the proportion of 
ammonia sales to total sales of the firm. The author admits this is an 
arbitrary allocation, but one that does allow a measurement of otherwise 
indeterminate costs. 
4.2. Demand density, market shar e , and season length 
In Chapter 2 and 3 it was suggested that demand density, market 
share, and season length would have an effect upon retailing costs . It 
is the purpose of this section to explain the s pecific assumptions used 
in this study concerning these factors. 
4.2.1. Demand density 
The purpose of this section is to explain the assumptions used in 
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this study regarding demand density. In order to determine the average 
length of haul it is necessary to define the demand in terms of the num-
ber of tons of ammonia per square mile, this will be referred to as the 
demand density. Demand density is a function of the number of pounds of 
nitrogen used per acre, the number of corn acres in a square mile, and 
the percentage of nitrogen supplied by anhydrous ammonia. What follows 
are the particular assumptions made about these factors comprising demand 
density. 
The number of pounds of ammonia per acre will be ref erred to as a 
rate level. The objectives were two-fold in choosing rate levels: First, 
rate levels were chosen that are representative of present and expected 
future usage. Second, rate levels were used that would definitely show 
differences in retailing costs, if such differences exist . The three 
rate levels used are: 130 lbs. of nitrogen or 160 lbs. of ammonia per 
acre; 160 lbs. of nitrogen or 195 lbs. of ammonia per acre; and 200 lbs. 
of nitrogen or 245 lbs. of ammonia per acre. 
The first rate level is representative of current consumption. The 
determination of the current consumption is made on the assumption that 
corn accounts for 95 percent of the total nitrogen used in the area . This 
means that 79,254 tons of nitrogen were used on the 1,219,298 acres 
planted in 1970, or an average of 130 lbs. of nitrogen per acre (22, 15). 
1 This is in agreement with views of authorities about nitrogen usage in 
1aichard Gray, Area Economist, Fort Dodge, Iowa, personal communica-
tion, 1971 and Regis Voss, Extension Agronomist, Iowa State University, 
Ames, Iowa, personal coannunication, 1972. 
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the Fort Dodge area. The current usage closely approaches the reconunended 
levels for the highest return per dollar invested in fertilizer (25). 
The second rate level, 160 lbs. of nitrogen per acre, is representa-
tive of a rate which would return the highest net return per acre (25). 
The 200 lb . per acre rate level might best be thought of as representative 
of a technological shift in the production of corn. 
The number of acres of corn grown per section is dependent upon the 
demand for corn, the relative price of soybeans and other crops with 
r espect to corn, govermnent price-support programs, etc. Rather than 
develop an independent demand for corn in the Fort Dodge area the author 
chose to use the 1966-70 corn production acreage to represent one level 
of corn production in the area. The 1966-70 average corn acres per sec-
tion is 227 acres. To reflect either a change in the government price-
support program due to crop disease, war, etc., or to reflect a signifi-
cant rise in the relative price of corn, a 275 acres of corn per square 
mile level of corn production was included. 
The percentage of nitrogen supplied by anhydrous ammonia is dependent 
upon the price relationships of ammonia and other sources of nitrogen, 
and on the preferences of farmers for particular types of nitrogen ferti-
lizers. It was assumed that in the Fort Dodge area ammonia is used only 
on corn. The 1968-70 average ratio of ammonia to nitrogen used on corn 
indicates that ammonia comprises 76 percent of the total nitrogen used 
on corn (22) . Because anhydrous ammonia is the raw material used in the 
production of other nitrogen fertilizers it was assumed that there would 
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continue to be substitution of anunonia for these other sources of nitrogen. 
Table 4.1 presents the demand densities used. 
Table 4 .1. Demand density of ammonia for different acre and rate levels 
% N 227 acres 275 acres 
supplied of corn/ of corn/ 
by NH3 sq. mile 
sq . mile 
ll's N/acre Equivalent Demand tons/sq. 
fl 1 s NH3/ density mile 
acre 
130/l's 160/l's 76 13.84 16.67 
l60fl's 19611 IS 85 18.45 22.23 
20011 's 24511' s 90 23.06 27 .79 
4 . 2.2. Market share 
One of the questions raised in Chapter 2 was: What is the influence 
of competition on costs? The purpose of this section is to explain the 
reasons for choosing the three market shares used in this study. The 
three market shares used are: a 100 percent market share, a declining 
market share, and a constant market share of 33 percent. 
As was explained in Chapter 3 the perfectly competitive model yields 
some logically satisfying solutions and makes possible determinant solu-
tions to long run equilibrium plant size and location problems. One 
market share is included to represent this condition. This particular 
market share assumes that the retailer obtains 100 percent of the demand 
in his trade area. 
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Although the 100 percent market share model answers some important 
questions, it is not very representative of the competitive conditions 
actually facing the retailer. One method sometimes used in spatial 
studies is to assume a constant market share for the entire trade area 
which is less than 100 percent of the market. The constant market share 
used in this study assumes that the retailer obtains 33 percent of the 
total demand in each increment mile. Figure 4.1 depicts a constant market 
share of this nature. 
Market 
Share 
100% 
33% 
Miles from plant 
Figure 4.1. Constant market share of 33 percent 
A declining market share was included to reflect the preliminary 
study of average travel distance. Figure 4.2 depicts a (discontinuously) 
declining market share. 
For the first rate level (160 lbs. NH
3
/acre) the constant marke~ 
share of 33 percent and the declining market share have the same total 
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demand i n a 15 mi l e tra de a r ea . Comparisons of re t ai l dis tribut ion 
cos t s f or t hese two mar ke t s ha r e as s umptions will be made. 
Market 
Share 
100% L-
I 
l..-
• 
!--• • 
• 
t._ 
I 
L-• 
I --. 
10% 
Miles from plant 
Figure 4.2. Declining market share 
4.2 . 3. Season length 
• --. 
• - • • 
The highly intensive nature of the present day retail marketing of 
ammonia suggests that costs might be reduced if there is more time avail-
able to deliver the fertilizer. The season length which represents the 
present day season was determi ned through interviews with retailers and 
manufacturers, and from the survey of 37 retailers i n the Fort Dodge area 
mentioned earlier. 
The season length used to represent the present day season or what 
will be ref erred to as the regular season, i s 15, 10 hour applicating 
days . To examine what affect more applicating time would have on costs 
a 20 percent increase in applicating time i s used. This additional time 
would be gained through increased sidedressing and fa ll application. 
72 
The three market shares, the six demand densities; and the two season 
lengths will be used to examine how these factors will change costs. A 
particular combination of market share, demand density, and season length 
will be referred to as the "market environment" the retailer is facing. 
4.3. Interest, taxes, depreciation and firm types 
An interest charge of 6.5 percent is used for all plant and delivery 
equipment. The interest charge represents both borrowed funds and a 
return on investment for the retailer. Property taxes for plant equip-
ment, nurse tanks, and applicators were calculated on the basis of 27 
2 
percent of the market value times a mileage rate of 92.753 . Deprecia-
tion was calculated on the basis of a straight line depreciation schedule. 
Two basic types of firms are considered . The first type, which will 
be referred to as a farm supply unit, handles a complete product line of 
farm supplies, including bulk fertilizer and arrunonia. This firm type is 
representative of cooperatives and independent retailers . The second 
firm type, a specialized integrated fertilizer distributor handling bulk 
fertilizers, agricultural chemicals, and anhydrous ammonia, is character-
istic of the corporate firms retailing anhydrous in the Fort Dodge area. 
These two firm types are included in an attempt to represent firms 
handling multiple products. Multiple products introduce a problem of 
arbitrary allocation of fixed costs for multiple use facilities . 
2 
Average mileage rate of 21 towns and cities in the Fort Dodge area. 
used 
rous 
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Any allocation of fixed c osts (to a multiple use 
facility) i s purely arbitrary . although as a 
practical matter. some such allocation may be 
necessary in specific cases (10. p. 774). 
Ammonia sales as a percentage of total firm sales are 
in this study t o determine what cost would be charged 
the criterion 
against anhyd-
for the use of a multiple use facility . Table 4.2 denotes the total 
and component sales used for the farm supply units . Sales i nforma tion was 
acquired from a survey of 14 farm supply cooperatives in the Fort Dodge 
area. 
Table L. 2. Average of total and coa;>onent 1al111 for lL farm wpp4 
cooperatives , 1970 
Fan11 Supply Units 
Produot Salee 
Orain Sales $1,966,.301 
Feed 26L,14L 
Fortilher ll9,o89 
Ammonia 5'2 ,27$ 
Sos.la !lalatad Sa1aa $2,LOl,809 
Seed 19,L9L 
Pat.rolewn 1L9,3L2 
Fann suppllea Bo,202 
Tot.al $21 6?01 847 
This information is then used to es timate the fixed cost of a multiple 
use facility that is allocated against ammonia for each individual farm 
supply unit. Since no relationship was found between total sales and 
anunonia sales . total sales are held constant at 2.6 million dollars for 
all farm supply units considered. This assumption is important because it 
results in different fixed costs for a multiple use facility being allo-
cated against the individual farm supply unit plants. 
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A similar method of handling multiple use facility fixed costs is 
used for the specialized plants. But, total sales of the two specialized 
plants are not the same. The smaller specialized firm is assumed to 
employ one full time man while the larger employs two. To justify the 
employment of two full time men, it was assumed that the larger firm had 
sales twice as large as the first. The sales for the specialized ferti-
lizer dealers are presented in Table 4.3. 
Table Ii.). Estilllated total and component sale• for specialized 
fertilizer deal.ere 
Product Specialized Ti.nil 1 Speci&lised Iii. 2 
Bulle Fertillzer $162,000 $)24,000 
Ammonia 67.$00 1)$ ,000 
Scale Related Sales 229,500 459,000 
Agricultural Chemicals 40,500 81 ,000 
Total Sales $270,000 $51.0,000 
4.4. Plant costs 
The basic ammonia retail outlet was described in Chapter 2. The 
plant consists of the bulk tank and pump, a scale for weighing the nurse 
tank, and some type of off ice building for handling the billing and record 
keeping. The activities involved in the plant operation are: filling 
the nurse tank, hooking and unhooking the nurse tank to the pickup , weigh-
ing the nurse tank , and monitoring the unloading of truck transports and 
rail cars. 
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The costs, wear on equipment, labor requirements, and plant capabi l-
ities in th i s section were obtained through interviews with retailers , 
wholesalers, manufacturers of ammonia equipment, and technically trained 
personnel in the fertilizer industry. The plant capacities are chosen 
to typify those currently being used for retailing ammonia except for 
the largest plant. The largest retail operation the author is aware of 
is a 2000 t on per year plant. 
Six different plants are considered in the study. Table 4 . 4 desig-
nates the plant capacities of the six plants for the regular and expanded 
seasons . Because it is assumed that the plants would have larger capaci-
ties for the expanded season, it is necessary to treat the costs of the 
two seasons separately. Henceforth, the discussion will center on t he 
regular season plants, and changes for the expanded season plants will 
be noted . The effective working hours, H, for the plants in the regular 
season are assumed to be the same as the time allowed for delivery or 
180 hours. For the expanded season, the effective working hour s for 
plants are 216 hours . 
Table 4.4. Plant oapaoitiee tor regular and expanded Huon• 
Fina Type 
RmULAR S&ASON 
&XP>JIDill S&ASOO 
Fa.nn Supply Unit 
Plant 1 Plant 2 Pl1111t 3 Plant 4 
• • . . . • . . • . • , . • • • •.• • Tons, •..•..• . • , .•.••••• 
900 
llOO 
1600 
2100 
2)00 
3200 
.)200 
3800 
Speoialbed 
Plant 1 Plant 2 
•• . •••• • Tons ••••••• 
l.l.00 
1600 
2100 
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4.4 . 1. Fixed plant costs 
Those costs which are considered to be fixed are: the bulk plants, 
risers, scales, office buildings, and fixed labor. 
4.4.1 .1 . Bulk plant The bulk plant is comprised of the 
pressurized storage vessel and the transfer pump. As was mentioned in 
Chapter 2, the cost of the pressurized storage vessels is essentially 
constant. The particular storage tank a given plant will need is deter-
mined by the volume assumed for the plant and the size of the rail car 
which wil l serve the plant (regular or jumbo car) . For plants 2, 3, and 
4 of the farm supply unit plants, a 26,000 gallon tank is added at a 
rental cost of $1 per year. This is included to represent a rather 
common arrangement between the retailer and supplier. 
The difference in plant capacities is gained through different sizes 
of pumps, motors, and plumbing. All plants are budgeted with a vapor 
compressor as the compressor is necessary for the unloading of rail cars. 
Plants 1 and 5 are assumed to use this same vapor pump for the filling of 
nurse tanks, while the other plants use a liquid pump for this purpose . 
All plants except 4 are assumed to use two inch plumbing. Plant 4 is 
budgeted with three inch plumbing to gain additional capacity. Table 4.5 
sets forth the budget costs and capacities for the plants. 
The site preparation cost is the cost necessary for preparing the 
site for the bulk tank. The rated capacity is the manufacturer's sug-
gested rate, while the regular and expanded season capacities are the 
rates assumed for actual operating conditions. The expanded season rates 
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are reduced to reflect additional start up time as the expanded season 
is assumed t o be a less intensive operation. A 20 year depreciation 
schedule, with no salvage value, is used. 
Table 4.5. 
Type Fina F'&r111 Supply Un1 t Specialized 
Plant l Plant 2 Plant 3 Plant 4 Plant 1 Plant 2 
Storaee Vessel 1-12,000 1- 12,000 1-18,000 2- 26,000 1-12,000 1-18,000 
1-26, 000 1-26, 000 
Oal. Tank Oal. Tank Cal. Tank Oal. Tanlc Oal. Tanlc Oal. Tanlc 
'-
Type ll<dl Car ReeuJ.ar Jumbo Jumbo Jwnbo ReeuJ.ar Jumbo 
Loa.cling Pump Vapor Liquid Liquid Liquid Vapor Liquid 
She Motor 5 H. P. 5 H.P. 7.5 .H.P. 10 H. P. 5 H.P. 5 H. P. 
Coat $7,210 $9, 339 $1),026 $16,.665 $7, 210 $12,8)9 
Site Preparation 
Cos t $ 500 $ 550 $ 600 $ 700 $ 500 $ 500 
Rated CApAc1ty 6 Ton/llr 12 TonA!r 14 TonA!r 20 TonA!r 6 TonA!r 12 TonA!r 
Copocity, llegular 
Season 5 Ton/llr 10 Ton/llr 12 .6 TonA!r 17.6 TonA!r 5 TonA!r 10 Ton/l-!r 
'--
Capaci ty, Expanded 
Season 4. 9 Ton/l-!r 9.7 Ton/Hr 12.S Ton/llr 17. 6 Ton/l-!r L.9 Ton/l-!r 9. 7 Ton/l-!r 
4.4.1.2. Risers The nurse tank riser s are stanchion-like 
devices which are the loading points for nurse tanks and hold the filling 
hose when not in use. Each riser is capable of fil ling two nurse tanks 
at one time. Plant 4 is budgeted with two r iser s while the rest of the 
plants have only one. 
4. 4 .1. 3. Scales The farm supply units are budgeted with a 
70 foot grain scale, at a cos t of $15,000, while the s pecialized fertil izer 
dealers are budgeted with a 20 ton scale at a cost of $5400 (20) . The 
scale costs introduce the first arbitrary allocation of fixed costs. It 
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is assumed that the farm supply units will use their scale for grain, 
feed, bulk fertilizer, and ammonia while the cost of the scale for the 
specialized dealer is allocated between bulk fertilizer and ammonia. 
In Tables 4.2 and 4.3, the total sales of the conunodities using the scale 
were referred to as scale related sales. Table 4.6 gives the percentage 
of auunonia sales to scale related sales, based on a $75.00 per ton price 
of ammonia. A 20 year depreciation schedule with no salvage value is used. 
Table 4. 6, Percentll8e of 8111110nia 11aloe to 11oale related •ale• and eoale oon allocated to 
lll!l'llOnia, for regular Md expnnded season 
RIDUI..lR SEASON 
1"1nn Type F!!m suil12!'! !!.nU §J!!ciallzed 
Plant 1 Plant 2 Plant 3 Pl111t 4 Plant 1 Pl111t 2 
NH
3 
Sal.es as % of 
::lcaJ.e !!elated Sales 2,9% 5.5% 6.7% 8.8% 30% 30% 
Cost. Allocated to NH
3 $435 $825 $1,005 $1,320 
$1,620 $1,620 
.EXPANDED SEASON 
NH3 Snlos aa % of 
Scale Related Sales 3.5% 6.1% 1.n I I 10.~ 35.~ 35.~ 
Cost Allocated to NH) $525 $915 $1,155 $1,575 $1,798 $1,798 
4.4.1.4. Office building The function of the office build-
ing is to house the records, files , phone, and to act as the central 
control point for the retail operation. The farm supply units are 
assumed to work from a central administration building costing $35,000 
which is depreciated over 20 years with a $10,000 residual value. The 
specialized fertilizer dealers work from a 16Xl6 foot building costing 
$3530 which i s depreciated over 20 years with no residual value (20). 
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Table 4.7 gives the percentage of ammonia sales to total firm sales 
used in this study. Total firm sales are those found in Tables 4.2 and 
4.3. 
Table 4. 7. Percentage ot 11111110nia ealee t.o total fi.nl sales and oost ot o1'tia. buil.dinc 
al.located to 8111!10nia, for regular and expanded eeason 
RIDIJU.R SEASON 
Finn Type Farm SµEE~ llni t S2eoiallzed 
Plant l Plant 2 Plant .3 Plant 4 Plant l Plant 2 
NH .3 Sales as % ot 
Total l"i.rl'I Sales 2,6% 4.9% 6.0JC 7,?j 25• 25• 
Cost Allocated to trr1
3 $910 $1,715 $2,100 $2,695 
$88) $88) 
EXPAtlDED S£ASON 
NH .3 Sales as % of 
9:1' Total Finn Sales ),1$ 5. ta 6, 7j )0.6% )0.6% 
Coat Allocated to NH) $1,085 $1,890 $2,.34.5 $3,255 $1,060 $1,060 
4 . 4 . 1. 5 . Land The land is needed for the bulk plant and 
storage of the delivery equipment in the off-season. It is assumed that 
land is available for purchase next to a rail siding. Table 4.8 shows 
the amount of land and its budgeted cost. It is assumed that land retains 
its value, so the only costs allocated for land are interest and property 
taxes. It is assumed that land needs will not differ for the two seasons 
considered. 
f'irm Type 
Land Requirement 
Cost 
Plant l 
l Acre 
$1,000 
Farm Supply Unit 
Plnnt 2 
1-1~ Acres 
$1,500 
Plant .3 
1-11..t Acres 
$1,500 
Plant 4 
2 Acres 
$2,000 
Specialized 
Plantl 
l Acre 
$1,000 
Plant 2 
l~ Acre1 
$1,SOO 
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4.4.1.6. Fixed labor The handling of the fixed labor costs 
is a major difference between the specialized fertilizer dealers and the 
farm supply units. It is assumed that the labor cost for operating the 
specialized fertilizer firms is fixed. The only fixed labor for the farm 
supply units is managerial. The justification for this assumption is 
that labor for the farm supply unit can be diverted to another product 
(feed, petroleum, etc.) while this opportunity does not exist for the 
specialized dealer. 
The arbitrary allocation of these costs is based on the percentage 
of anunonia sales to total sales found in Table 4.7. A base salary plus 
allowances for social security and employee benefits is included in this 
cost. The yearly base salary for the farm supply unit manager is $14,000, 
the smaller specialized firm is assumed to need one man at a yearly base 
salary of $9,000, while the larger specialized firm is budgeted on the 
basis of two men with combined yearly base salaries of $16,000 . The 
reason for doubling the sales of the larger specialized firm, as explained 
in section 4.3, is based on the assumption that it would take substantially 
greater sales to justify the employment of two men. Table 4.9 gives the 
fixed labor costs for the six plants for the regular and expanded seasons. 
Tat-la 4. 9. l'ixed l•bor co•t.• !or planta, tar resular and •.q>and9cl Hum 
F3Jr U..'t SU.i'.JN 
Firm Type Fania Supply l/ni t ~ciallzed 
l'.lllllt. .l l'.lant. ~ l'.l&nt. J l'.lant. II l'.lant. .l l'.lMt; ~ 
Alloc•t.ed 
Labor Fixed Cost $404 $762 $9JJ $1,198 $2, 500 $4,444 
EXP J.:IDED SEASOlf 
Allocated 
I.Aber FLud Con $482 $1,~2 e1,441 eJ,ooo '4,944 
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4.4.1.7. Other fixed costs Other costs which are assumed 
to be fixed are: office equipment, fixed insurance cost, track leasing, 
and safety equipment. 
The off ice equipment costs for the farm supply units are based upon 
a survey of three farm supply cooperatives whose average equipment costs 
were $6200. The fixed cost of the office equipment is arbitrarily allo-
cated on the basis of the percentage of ammonia sales to total firm sales 
found in Table 4.7. The fixed office equipment costs for the specialized 
fertilizer dealer are based on an estimate of the minimum equipment 
necessary for equipp~ng a small office. This cost of $1030 again is 
arbitrarily allocated on the percentage basis given in Table 4.7. The 
office equipment is depreciated on a ten year no salvage value basis. 
An umbrella insurance policy to guard against the possibility of an 
anaonia accident is included. The $540 yearly cost is allocated on the 
basis of the percentages given in Table 4.7. 
Track leasing is assumed to be a yearly fixed cost. The amount of 
track needed for each plant is based on rail car size and volume of 
&D1Donia sales. 
Miscellaneous fixed cost includes: safety equipment such as gas 
masks, gloves, and a water tank; plus mobil gasoline driven transfer 
pumps for transferring ammonia from the nurse tank into the tank mounted 
applicators. The miscellaneous costs are depreciated on the basis of 
three years with no residual value. 
The fixed costs for these other items are presented in Table 4.10. 
82 
It should be noted that no seasonal adjustment is made for track leasing 
or miscellaneous costs. 
Table Ii. lO. Other 1'1.xad coats !or plants, regular and expanded eeaaoa 
RFDUIAR SEASON 
Finn Type Farm Su22& 1.lnit s2ecialhed 
Plant l Plant 2 Plant J Plant 4 Plant l Plant 2 
Pixed Insurance Coat $l5.08 $28.42 $J4.8o $~.66 $l1,S $115 
Cf! ico C:quipmen t 
Co a ta $162 $Jo6 $Ji5 $481 $310 $310 
E.J>t.~mm Si>/.SON 
!"ix.ed Insurance Cost $17.98 $)1.32 $)8 ,66 $53.94 $174 $174 
Office J::quipment 
Coste $19h $338 $419 $581 $320 $J20 
. Track Loa.rtng $500 $900 $1,l50 $1,600 $500 $900 
>liacel.lanaous $174 $255 $260 $406 $174 $255 
4.4.1. 8. Total fixed costs Tables 4.11 and 4.12 show the 
total fixed costs and the plant capac ities for the regular and expanded 
seasons, respectively . A few points on the table should be no ted. The 
storage reserve is calculated on t he combination of the pressurized tank 
and the mobil storage provided by the rail cars . The adjusted total is 
the total cost minus the cos t of land as i nteres t and property taxes are 
the only true cost due to land . The miscellaneous costs include fixed 
insurance cost, safety equipment, and mobil transfer equipment. 
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Table 4.ll. Total and component fixed cost !or planu, regul.ar season 
Firm Type Farm S~!iz Unit ~pecia.llzed 
Plant Plant Plant Plant Plant Plant 
1 2 3 4 1 2 
Storage 7 U.6 u. 7 12.1 7 8.5 
Reserve Hours Hours ttours Hours Hours Hour• 
Pumping 5 10 12.8 17.8 5 10 
Capacit7 Ton/Hr Ton/Br Ton/Br Ton/Hr Ton/Br Ton/Br 
Bulk Plant 
Cost $7,2.J.O $9,339 $13,026 $16,665 $7,210 $12,l:i35 
Site Prepara-
t.ian Cost ~500 $550 $600 $700 $500 $500 
Seale $435 $825 $1,005 $1,320 $1,620 $1,620 
O!f ice 
Building $910 $1,715 i2,100 $2,695 $883 $883 
Land $1000 $lSOO $1500 $2000 $1000 ~1$00 
O.tfice 
Equipment $1.62 f 306 $375 $481 $310 $310 
'l'otal $10,217 $14,185 $11J,6o6 $23,861 ~.U,523 $17,652 
Adjusted 
Total. $8,944 $12,188 $16,497 $21,019 $10,523 $16,152 
Yearl.;r 
Depreoiation $447 $609 $825 $1,054 $526 $8o2 
PropertT 
Tax $148 $358 $430 $491 $185 $268 
Interest $332 $461 ~5 $788 $385 $574 
Track 
Lea.sing $500 $900 $1,l50 $1,600 $500 $900 
Miscellaneous $189 $283 $295 $451 $319 $400 
Tanlc 
Rental -- $1 $1 '1 -- --
Fi.x.ed 
LabOr $404 $762 $933 $1,198 i2,500 $4,444 
Yearly 
Fixed Cost $2,020 ~J,374 $4,239 $5,583 $4,415 $1,.388 
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Table 4.12. Total and component i'i.xed cost for plants, expanded seaacn . 
Firm Type Farm S:!;!E21Y tJnit Specialized 
Plant Plant Plant Plant Plant Plant 
l 2 3 4 l 2 
Storage 7.0 11.8 12.0 12.4 1.0 7.4 
.Ke serve Hours Hours Hours Hours Hours Hours 
Pumping 4.9 9.1 12.5 17.6 "4.9 9.7 
Capacity Ton/Hr Ton.t1fr Ton/Rr Tonftir TonAil' Ton/Hr 
Bulk 
Plant Coat. $7,210 $9,339 $13,026 $16,665 $7,210 $12,839 
Site Prep&ra-
t.ion Coat. *500 $550 $600 $700 $500 •Soo 
Seal• $525 $915 $1,155 $1,515 $1,798 $1,798 
Oftioe 
Building $1,085 $1,890 $2,345 $3,255 $1,060 $1,060 
Land $1,000 $1,500 $1,500 $2,000 $1,~ $1,500 
Office 
Equi.pllBDt $194 $3.38 $419 $581 $320 $320 
Tot.al $10,514 $14,532 $19,045 $24,776 $11,888 $18,017 
Adjusted 
Tot.al $9,189 $12,465 $16,842 $2l,8oo $10,888 $16,517 
Yearl;r 
Depreciation $459 $623 $842 $1,090 $545 $821 
Propert7 
Taxee $150 $.362 $422 $506 $171 $248 
Interest. $342 '472 $608 $802 $397 $583 
Track 
Leasina $500 $900 $1,150 $1,600 $500 $900 
Miscellaneous $192 $286 $299 $460 $348 $429 
Tanlc 
Rental ---- $1 $1 $1 -- ---
Fixed 
Labor $482 $840 $1,042 $1,447 $3,000 $4,944 
Yearly 
:Pimd Coat. $2,125 $3,484 $4,.364 $5,906 ~.961 $7,925 
·. 
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4.4.2. Variable plant costs 
As was pointed out in Chapter 3, Section 1 constant variable costs 
were a simplifying assumption made for this study. The variable costs 
included are bulk plant maintenance, overhead costs, shrink, operating 
capital, variable labor for the farm supply units, and others. 
4 . 4 . 2.1. Bulk plant maintenance The information in this 
section was gained through interviews of retailers and ammonia equipment 
dealers . The life expectancy assllllled on the equipment is: vapor pumps -
six years , liquid pump - three years, electric motors - ten years and, 
hoses and valves - four years. It is assumed that the pressurized tank 
Table 4.1.3. Bulk plant -1m.ena.no• ooat., reCU).ar and expanded aeascn 
ltmlll.AR S&lSOH 
r1.r111 Type Fa.rm SS!l!!z Unit s12eciallzed 
Pl.aot l Plant 2 Plant. 3 Plant 4 Plant l Plant 2 
------~~----~-$/ton------- ---------- -- - ---$/ton---- -
Vapor Pump $.S57 •.259 $,2l !j $,lS7 $.S57 $, 259 
IJ.quid Pump • .380 .329 .372 • .380 
Mot.or .142 .142 . l.38 ,l.34 ,lL2 .lli2 
Roaes and 
'falvee .572 ,354 .332 .370 .572 .374 
Painti.Qg 
md 
.Maintenance .429 .399 .J75 ,316 . 429 • .349 
Tot.al $1, 700 llll.5.34 $1.392 •l.349 $1,700 $1,414 
UPANO!:D S!WIOW 
V..,or Puaq> $ ,493 . 219 • .186 •• 132 $.493 .219 
Liquid l'ump .320 .280 .J2J .320 
Mot.or ,ll.6 ,122 .us .ll.3 ,116 .122 
11o ... Md 
Valvee ,lib6 ,294 .283 .311 .l1b8 .274 
P&iAting 
and 
Kaintenanoo ,372 .335 , 317 ,268 .372 .285 
Total fl ,4"9 •1.290 •1.184 $l,lL7 $1,4"9 U.150 
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will be pa i nted every fourth year . In addition, a cost for ground main-
tenance around the bulk plant is i ncluded. Table 4.13 gives these costs 
for the plants. 
4.4.2.2. Overhead costs The overhead costs are comprised 
of electricity and heating for the of f ice building, general advertising 
for the firm, legal and auditing services, telephone, office supplies, 
and bad debt. The cost information was acquired through the survey of 
the 14 farm supply cooperatives in the Fort Dodge area mentioned earlier . 
These costs are given in Table 4.14. 
Table 4.1.4. ATerll8e o! tot.al and c~onent overhead oo•ts !or l4 
farm supp~ cooperatives 
El.ectricity and Heat 
for Office Building $ 960 
Oircctor Fees, Travel 
$2,933 and Hootings 
Oenero.l. Adverti sing $4,16o 
Du.es, ::Jubscriptions 
and Donntione $ S60 
Legal, Audit, and 
Ban.le ScrviceG $2,l.47 
Te1ephone $1,480 
O!!ico Suppllcs $2,616 
Bad Dobt $1,758 
O!!ioe Mointonanco $ 70~ 
Totnl Ovorhoo.J Coot. $17 , J:!l 
The method of determining the overhead costs tha t would be charged 
against anhydrous is the same as that used for estimating the fixed cost 
of a multiple use facility. The overhead cos t s of Table 4 . 14 are arbi-
trarily allocated on the basis of annnonia sales as a percentage of total 
firm sales from Table 4. 7. These same costs are used in the determination 
of the specialized firms' overhead cos ts with the exception that the 
director fees were eliminated. 
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Table 4. lS. Var1.able overhead cost.11 f or plants, regular and expanded seaaoo 
IWJULAR SEAroN 
Firm Type Fann Supply Uo:i.t Speciallzed 
Plant l Plant 2 Plant 3 Plant 4 Plant l Plant 2 
--~---~~----------- -------cost/ton--------------~~~----~~~ 
AllQl\ated OVerhoaa Coate $.SO $.47 $.LS $.42 $.47 $.47 
I>.<PANDED SEASO!I 
Allocated Ovorhoad Coit• $,49 $ , 45 $.LJ $ , 39 $. 46 $ .116 
4.4.2.3. Shrink Shrink is calculated on the basis of l per-
cent of a wholesale cost of $55 .00 per ton. The shrink is a result of 
the inability to completely unload the rail cars and transports, and loss 
of material through leak.age. 
4 . 4.2.4. Operating capital An operating capital interest 
charge of 6.5 percent, based on a retail price of $75 .00/ton for a two 
month period is used. 
4.4.2.5. Variable labor for farm s upply uni ts Variable 
labor costs for the farm suppl y units include: time for loading nurse 
tanks, unhooking and hooking the nurse tanks to the pickups, monitoring 
t he unloading of truck transports and rail cars , a nd weighing the nurse 
tanks. The labor cost is based on a cost of $2 . 50 per hour plus adjust-
ment for social security, employee benefits, overtime, and a variable 
insurance cost. The total hourly charge is $3.19 . 
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Table 4.16 denotes the number of full time equivalent men assumed 
to be needed to perform these functions for each plant . Included in the 
table are the labor costs on a per ton basis for the regular and expanded 
season. Differences between seasons are due to different hourly plant 
rates and overtime payment. The off season labor is included to repre-
sent maintenance on the bulk plant. 
Table 4 ,16. Variable labor coete f or the fani 1upplJ' llllit., regular and expanded aeaeon• 
In Season 
Ot t Season 
Tot.al 
~lumber of £ullt:!J!lo 
e (!UiY al ant 90ll 
PUNT l PI.Am' 2 PI.ANT .3 Pt.Alfi' Ii 
Season Season Season Season 
~ Exn, ~ E.xo , ~ ~ !!.!.&... ~ 
I I I ••• • I •••• ••••••••••••••••• • • • ••• $/!'on .•• ... ....•..•.••. .•••••• • • •• . ••. ... .•. • • 
$.S.3 $ , lili s.4o $$.JS $ • .39 $.Jli . $ ,27 $, 25 
.OS .05 .OS ,OS .04 .04 .OJ .OJ 
$.58 $ , 49 $,45 $,40 $.li.3 $ • .38 $.JO $,28 
l l-1./4 l-1/2 
4.4.2.6. Other variable overhead costs Other variable over-
head costs includes promotion, soil testing, employee education, and 
billing. These costs are considered to be the same for each plant except 
as noted below. 
Promotion--It is assumed that some type of a ppreciation dinner will 
be held for the retailer's customers. This cost of $.05 per ton is the 
same for all plants. 
Soil testing--It is assumed that the retailers provide a soil sampling 
service for their customers. The cost includes labor and pickup 
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charges for the farm supply unit while only the cost of operat ing a pickup 
for the specialized fertilizer firms is included . The cost is allocated 
between bulk fertilizer and ammonia, and it is assumed that land will be 
sampled every three years. 
F.mployee education--Education of employees in handling and promoting 
ammonia is based on a cost of one day per man per year for the farm 
supply units . Because of the fixed cost of labor for the specialized 
firms this cost is not included for the specialized plants. 
Billing-- Billing of customers for the farm supply units includes 
bookkeeping labor, letters, and postage. Only the cost of letter s and 
postage is included for the specialized fertilizer firms. 
4.4 . 2.7. Total variable costs Table 4.17 presents the total 
and component variable costs for the regular and expanded season, respec-
tively . The differences between the farm supply unit plants and the 
specialized plants should be noted, The differences in costs between 
firm type can be explained by the assumptions concerning plant labor. 
4.4 . 3. Summary of plant costs 
The preceding has been an explanation of the assumptions concerning 
plant costs used in this study and the cost coefficients that are used in 
this s tudy. It should be pointed out that the depreciation schedule used 
for both plant and delivery equipment is based on those normally used by 
accountants for ammonia r etailers. 
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Table 4.17, Total and coq>onent n.r1abl.e cost.1 tw plant.1, regular and e:q>anded 
eea1on• 
P~t. l Plurt. 2 Phnt ~ Plant !i Plmt l P1aa\ 2 
................ . ........ . ..... . Snon ... . . . ........ . .. . . ..... . ...... . • . •. 
RfXltJLAR 111!'.ASON 
Hai.ntenanoe $1.70 U.S3 $1.39 $l.3S $1.70 "1.la.l 
Overhead .so .47 .4S .42 .47 .Ja7 
Electric.it)' .02 ,03 .03 .03 .02 .03 
Promotiou .OS .OS .OS .OS .OS .OS 
Soil Tellt.1.Dg .07 .07 . 07 .07 ,03 ,03 
Shr1nlc .SS .55 .SS .SS .SS ~SS 
Operating C11pite.l .Bl .Bl .Bl .Bl .Bl .81. 
!lllpl079e 
.CJ7 Educaticn .07 .07 .07 -- --
Bllllng .15 .15 .15 .15 ,Oii .Oii 
Labor .58 .4S . 43 . JO -- --
Total .4.50 $4,lB $4,00 $3,80 $3.67 U.39 
!lP.llDSD S~SON 
>laintenanoa $l,4S U,29 •l.lB U.15 $l, 4S '1.1.S 
Over bead .49 .4S .43 .39 .46 ..li6 
BJ.aot.r1oit)' .02 ,OJ ,0,) ,03 ,02 ,03 
Pr~iOD .OS .OS .OS .OS .OS .OS 
Soil Tut.inc .07 .01 . 07 .07 ,03 ,0) 
::lhrinlc .55 .55 .SS .SS .SS .ss 
Operating Capital .Bl .Bl ,Bl .Bl .Bl .In 
Bllplo:yee 
JSduc &tiOD .01 .01 ,07 .07 -- --
tlllling .15 .l.S .15 .15 .Oli .<lll 
.&.abor .49 .40 .38 ,2B -- --
Tot.al $11.15 $3.87 $3.72 $3 • .SS $3,W. $3,12 
4.5. Delivery costs 
The purpose of this section will be to determine the cost coeffi-
cients and time parameters for 
(3.16] TDC D (b + bl 
.47140112 = -1/2 ) + FN 0 p 
and 
(3.17] ADC (bo + bl 
• 471401/ 2 + FN = -1/2 ) p D 
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In the plant cost section the method of development was to determine 
the fixed cost and t hen the constant variable costs. The method in this 
section will be to discuss the peculiarities, the constant variable costs 
per t on, the time parameters , and final l y the yearly fixed cost for each 
deliver y unit type. 
4 . 5.1 . Applicator costs 
Five different applicating machines are considered in this study: 
a 5 row tank mounted applicator which can be converted to a tool bar for 
pr eplant appl ication, a 7 row tool bar, a 30 foot tool bar, and a 10 foot 
chisel plow. 
4.5.1.1. Constant variable costs for applicators Table 4.18 
gives constant variable costs per ton, b , for the applicators . It should 
0 
be noted that in addition to seasonal differentiation, costs are also 
calculated for different rate levels. 
Table li, 16. Constant "Yari.11.ble costs ot applicators !or d.1.t!erent rate levels and 
d.1.f !erent seasons 
Kl'l.1'1'88 
Shank• 
BeariJl&a 
Hoee 
Val'1'H 
RPJl t:rLA.R !XPANDEO 
SEASON SUSO!f 
'I6o 
Lbe, HH/Acre 
l 9!i 24~ 160 
Lbe. NH{ Acre 
19 2LS 
• •• ..• . •.• • .• • •....... . .• ••••• $/?on , , ••••• ••.•....••.... • .•.• •• • • 
$. 7J $,69 •.oJ $ . 73 f.67 $.6J 
.12 .u .09 12 10 09 
• 79 • 7J • 67 • 79 • 72 • 66 
. 10 .oa .06 'io ·oa ·o6 
-3 ~ -22 _ju ~ ~ 
•1.67 n.so •1.81 '1..6J 
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The constant variable costs for applicators are maintenance on the 
machine . The injector knife wear for the 5 row mounted applicator and 
the 7 row tool bar is based on 800 acres of application per knife. The 
shaker knife used on the 30 foot tool bar is based on a life of 2000 acr es 
per knife. 
The shanks (mechanical devices to which the knives are mounted) are 
budgeted on the basis of one shank breaking per five machines per year. 
The valve replacement is an estimate made from the wear on nurse tank 
valves . It is assumed that hoses will be replaced every three years for 
safety purposes. The basis for these costs is interviews with retail 
dealers and ammonia equipment dealers. 
4 . 5 . 1.2. Determination of time parameters for applicators 
Application activities include: applicating time, waiting in the field 
for exchange of nurse tanks, moving from field to field, start up time , 
breakdown time, and coordination time . 
Rather than try to determine how many individual 5 row mounted appli-
cators, 7 row tool bars, etc., will be needed, a composite applicating 
machine is developed. The composite machine is made up of varying per-
centages of individual applicating machines depending upon the season 
and rate level. 
The reasons for changing the composite are: First, to reflect in-
creasing applicator size, a greater proportion of the application is 
done by larger machines as rate level increases (i.e. the 30 foot tool 
bar comprises a greater proportion of the composite as rate level 
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increases). Second, the composite is changed to represent a change to 
more sidedressing and the inclusion of fall application (represented by 
the chisel plow) for the expanded season . The above reasons and the 
increased effi ciency due to a h igher rate level explain the changes in 
constant variable costs per ton given in Table 4.18. 
Table L,19, Percentage of individual applicating mochines for di!'!orent season-
nnd d1.Iferent rote levels 
REJJUUR EXP.UIDED 
:iEASJU S&\SOU 
Lbs, NH/Acre Lbs. NR
3
/ Acre 
16o 195' 2L~ 165 195 215 
5 Row Applicator .4 .L .L ."6 ,L6 .u6 
7 Rov Tool Bar ,6 .L .J .LB .26 .27 
JO Foot Tool Bar .2 .3 .15 .16 
Chisel Plow .06 .09 .09 
The determination of the constant time per ton for applicators , g , 
0 
is the first deviation from the true engineering cost approach. Using 
time parameter estimates for waiting in the field to exchange nurse tanks, 
moving from field to field, start up time for each farmer, breakdown 
time, coordination time, etc. was found to result in too few applicators 
as compared to actual retailing operations. 
It was then decided to use the industry measurement of applicator 
efficiency; the tons of anmonia/applicator/year . The efficiency chosen 
(75 tons/applicator/ season) for the current 160 lbs. NH/acre , rate level 
is representative of well organized present day retailers. Efficiencies 
of 95 and 115 tons/applicator/year were used for the higher rate levels. 
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One time parameter estimate was retained, the time needed for apply-
ing the ammonia. The method of how this portion of g is determined is 
0 
demonstrated by means of an example: 
An example for determination of constant applicating time require-
ment, for a 7 row tool bar: 
1) 
2) 
3) 
Swath X machine speed/square feet/acre= acres/hr . 
23.33 X 4.SMPH/43,560 sq.ft/acre 
1 
= 12.72 acres/hr. 
acres/hr. X rate/acre/# in a ton = hrs./ton 
1 
12 .72 acres/hr. X 160# NH /2000# = ·98 hrs./ton 
3 
Table 4.20 shows the speed and constant time requirement for the 
individual applicating machines. 
Tabl.e 4.20. Cballtant t.1ae re~t• tor iJldirtdual llppl14&Unc aaohiAaa 
rm- di!!e?WJt rat. la"rele 
--------Lbs. NH3/A.cre----~ 
K.}'.ff. Acrea/llr 160 19$ 24S 
-------Hr81ron--------
5 Rov Mounted 
Applicator s.s ll.ll 1.41 1.09 .90 
-Used u a 
Tocl Bar s.o 10,10 1.24 10 01 .BJ. 
T 2olf Tool &ar 4.5 12.72 .96 .81 .64 
)0 root Tool Bar 5.5 20,00 .41 
Cbieol }'lov J.5 b • .)6 1.96 1.62 1.26 
This information is then utilized in the computation of the composite 
machine time requirements represented in Table 4.21 for the regular and 
expanded seasons. 
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Tabl e 4.21. ~·• ~ t f different. r ati' l d\"ClS Compoaite applicatine machine oonstant ti.Ille re.,~ enion !I or 
and different seasons 
RIDIJLAI! 
SEJ.SOll -----------------------r----Lba. NH3/Acre------~-- --------------------------1.60 195 245 
" ~ ~ of co,,.,. o1 or Comp• X Hra/l'on Hrs /l'on Comp. X Hrs/l'on Comp. c~. X Hrs/l'on Coq>. 
5 Row 
Applica t.or .1 l 1,41 . .lL .1 JC 1. 09 . . ll • 1 JC .90 . . 09 
Used as a 
Tool liar .3 JC 1 . 24 . .31 .3 JC 1 .01 . • JO .3 JC , 81 . ,24 
7 Row 
Tool nar • 6 l ,98 . . 59 ,4 J. • 81 . .32 .3 I. ,6L . .19 
JO Foot 
Tool !'ar -- -- -- 2 x 51 . 10 3 ,t 41 . 12 
Tot.al 1 10 tl2 Oii 
&Xi' A..'IDED 
SEASON 
5 How 
Applicator , 20 l 1,41 . . 28 , 20 JC 1 .09 . , 22 . 20 x . 90 . .18 
Used Oii O 
Tool ~ar , 26 l 1 . 24 . .32 • 26 JC l,01 . .26 , 26 x ,81 . .21 
7 Row 
Tool Bar • 48 x .98 . .h7 .47 JC , 81 . ,23 . 27 x ,6L . ,17 
JO Foot 
Tool Bar -- -- -- . 15 x . 51 . .08 .16 JC .41 . . . 07 
Chisel Plow .o6 I 1,96 . . 12 , 09 x · l.62 . , 15 .09 ,( l . 28 . ,ll 
Total 1,19 . 94 .74 
The compos ite constant t i me per ton for differ ent rate levels and 
seasons is given in Table 4 . 22, the t otal constant time g for applicators. 
0 
Tabla 4. 22 . Tot al constant t1Jne , g , !or anpllcators detemined by applicator efficiency 
parameters ! or dif ferCRt r ate l evels and dtf!er~nt. seasons 
l::!.ficiency Parameter 
Applical.iJlc Ti.mo 
.Othor 
Tons/Applicator/Season To~G/Apnllcator/Seoson 
15 9S us 15 95 
----Lbs. NH/Acr e- - - - ---Lbs. rw.
3
/ Acre ---
160 195 245 160 195 245 
---------- -.""·1r.--:s/i-r.-·on------------ ----- - - - ---Hrs;ron-- --- ---
1 .10 
.80 
.82 
,68 
1 .90 1.50 
.6L 
• 71 
1.35 
1 .19 .94 • 74 
• 13 . 19 . 19 
1.92 1.73 1.53 
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The constant time per un i t of volume, per unit of distance traveled, 
g
1
, is calculated for moving the applicators from one customer to another . 
The parameter, g
1
, for applicators was calculated on the basis of one 
minute per ton per one way mi l e or .017 hrs . /ton. 
The effective working hours per season, H, for applicators is based 
on 15, 10 hours applicating days for the regular season, as explained i n 
section 4.2. The effective working hours are increased by 20 percent to 
180 hours for the expanded season . 
4.5. 1.3 . Determination of fixed cos t for applicators The 
individual applicating machine proportions from Tabl e 4.19 are used in 
the determination of t he composite machine fixed cost . Table 4 . 23 pre-
sents the fixed cost for t he composite machine. 
Table 4. 2), F.lud oollt. tor ooi..,oait.e 1M10h.1ne tor d1.tte.rent raw lenl• and dUt.rent 1ea•o1U1 
IU!XltIL\R --- ----~-- ----------- - ~-~ - --- -----------Ll>• , NH3/Aor•--~----- -------------------------------8E>.!JOH 16o 195 2115 
% Machllle % % Machine • % Hachin<I • or Coet Cost or Coot:. Cost or Coat Coit. 
Coq>adt.e C0111L>oeit:.e Cmpoeit.e 
5 R;ni 
Mount ed 
Applicator .4 x $1561 . $6)2 .4 x $1641 . $656 .4 )(. $1705 . $6a2 
7 t!ov 
Tool Bar .6 x $1071 . • $611 .4 x $1056 . $105& .J x. $1120 . $))6 
30 Poot 
Tool Har -- -- -- 2 x $2156 . $2150 3 x $2156 . >t61.7 
COll1(>oaitc 
Mnchinc.? 
r,(\!!L $121.) $l5ll ;1665 
t:'O'ANTl~:ll 
S:::.A.SO~ 
s l<ow 
>lounL.:i<l 
Arrllent.o r .IJ6 ~ $1561 . $n7 .116 x $1641 . $755 .46 x $1705 ~ $7& 
7 l\ O W 
Tool f1Ar . 46 x $1071 . $1168 ,26 x $\056 . $296 . 27 1. $\120 . $)02 
)0 Poot 
Tu.>l liar -- -- -- .15 I.. $2156 . $324 , l.6 1. $2156 . $.345 
Ch.1".:l l' lov Uo x t 82& . $~U 09 x $6lio . $77 OQ 1. $890 . $60 
Co111pOoito 
>IZUlh.ino 
Coat $126~ 11452 $1511 
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It should be noted that the individual machine cost increases with 
rate . This is a result of additional knives and shanks on the machines. 
As the rate per hose is increased a physical limit on flow is reached so 
it is necessary to add additional hoses, knives, and shanks to obtain 
the desired rate per acre. 
Yearly fixed cost--The yearly fixed deprec ia tion costs a re determined 
on a five year depreciation schedul e with a 10 percent salvage value. 
Additional yearly fixed cost s are interest, property taxes, agricultural 
use license ($3), insurance ($4), and safety equipment ($3). These costs 
are given in Table 4.24. 
Table 4 .24. Yearl.v !1xed costs o! c~osite applicating D18Chinea !or di!!eront 
rat.e ...Uvel:s. aqd ditfer~nt. aoasons 
REC ULfJ! .5El\SON EXPANDED SEASON 
------~~--~-------Lbs . NH
3
/ Acre----------- --- - - --------
16o 195 24$ 1.60 l9S 245 
Composite Machine Cost $1243 $1$ll $166!) ~12GS $1452 $1$ll 
Depreciation $224 $272 $299 $ 228 $262 $272 
Interea t 42 49 .53 42 46 so 
Property Tax 16 19 21" 16 18 20 
other Yearly Costs 10 10 10 10 10 10 
Yearly Fixed Coat $284 $350 $)83 $296 $3)6 $3S2 
4 . 5.2. Nurse tank costs 
The nurse tank considered is a 1,000 gallon pressurized tank with a 
5th wheel running gear. The costs of other modes of moving the anhydrous 
from the plant t o the farm appear to be prohibitive. 
4 . 5.2.1. Constant variable nurse tank costs The constant 
variable costs per ton, b , fo r nurse tanks are maintenance. The 
0 
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maintenance cost consists of hose, valve, and gauge replacements; wagon 
tongue breakage due to the farmer turning too short; wheel packing; 
painting the pressurized tank every three years; and tire repair and 
replacement. These costs are presented in Table 4 . 25. There are no 
adjustments made for season or rate level. These costs were obtained 
through interviews of retailers. 
Table 4.25. Constant variable costs for nurse tanks 
Component cost $1/Ton 
Hoses .12 
Valves and gauges .22 
Wagon tongues .26 
Wheel packing .07 
Painting .27 
rires .18 
Total cost $1 .11/Ton 
4.5.2.2. Determination of time parameters for nurse tanks 
The activities associated with nurse tanks are applicating time, waiting 
at the plant, filling, weighing, and breakdown. Again the industry 
measurement of efficiency, tons/nurse tank/year, is used to determine 
the constant time requirement, g . The three efficiencies used are 55, 
0 
70, and 90/tons/nurse tank/season. Table 4. 26 gives the constant time 
associated with each ton, g , for nurse tanks. 
0 
The constant time per unit of volume, per unit of distance traveled, 
&1 , is calculated at the rate of two minutes per ton per one way mile or 
30 miles per hour. 
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Tebla 4.26, CQllllt.nt. t.1- requir..m., 10 , ot Dll.l'M \ank• tor ditt.,...t. _. 
ond dii'!erent. rat.e lirvala 
ROOIJLl.R SF.ASON EXPANDED SEASON 
------- --------------Lb• NK /Acre------------------~---. ) 
16C 195 245 160 195 
---------llrs/l'on---------- -------llrs/r".>n------ -----
Time Aeeooiatod 
With Applicator 1,90 
Ot.her .74 
Oonet.ant T1-, ~ 2,64 
1,50 1,35 
.73 , 6) 
2 ,2) 1.98 
1 ,92 
.75 
2,67 
1 , 7) 
.74 
2.47 
1.53 
.72 
2,25 
The effective working hours, H, for nurse t anks is a weighted average 
of the time spent with applicators and that spent with pickups . 
4.5.2.3. Yearly fixed cost for nurse tanks The cost of the 
nurse tank is $1027. A 10 year depreciation schedule is used with a 10 
percent salvage value . Other costs include i nterest , property tax, agri-
cultural use, license ($5), insurance ($4), and safety equipment ($ 5). 
Table 4 . 27 presents the yearly fixed cos t for nur se tanks. 
Table 4 . 27. Yearly fixed cost fo r nurse tanks 
Nurse tank cost 
!Depreciation 
Interest 
Property tax 
Pt her 
~otal yearly fixed cos t 
4 .5. 3. Pickup costs 
$1 , 027 
$92.40 
33 . 38 
12.84 
14 .00 
$153.00 
The pickup budgeted in this study is a 3/4 ton 4 wheel drive unit 
which was chosen because of its better r eliability in plowed fields . 
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And, it is assumed that the retailer handled bulk fertilizer in which 
case a 4 wheel drive pickup is almost a necessity . 
4 . 5.3 . 1. Constant variable pickup cost The only constant 
variable cost per ton, b , for pickups is for the trip through the farmer's 
0 
field. This is calculated at $.03/ton. 
4.5 . 3. 2. Determination of time parameters for pickups The 
activities associated with the pickup are waiting at the plant, weighing, 
and waiting in the field for exchange of nurse tanks. Table 4.28 gives 
the constant t ime r equirement , g , of pickups for different rate l evels . 
0 
Table u. 28. Const.not time rc~uirlllll6nt, c
0
, of pickups for di.fferont 
rate levels 
---~--I.be , llHJ/Aore--------
16(} 195 2.li5 
Activity Time ---~-----Hrs/l'on-----~~---
WIU ting at Pl.ant S Min/ron .083 .083 .OBJ 
Weighing l. M1.n/ran .017 .017 .017 
Waiting 1n Field 5 Min/ron .083 ,083 .o8J 
St.art Op TiJfte 20 Minharm .052 .039 .O.ll 
Constant T1Jne g 
0 
.2JS .222 .2lli 
The constant time per unit of volume, per unit of distance traveled, 
g1 , is calculated at the rate of two minutes per ton per one way mile or 
30 miles per hour. 
The effective working hours , H, for pickups are based on 15, 12 
hours delivery days . This is increased by 20 percent to 216 hours for 
the expanded season. 
4.5.3.3. Yearly fixed cost for pickups The cost of the 
pickup is $4 ,770. A five year depreciat ion s chedule was used with a 
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25 percent salvage value. Other costs which are presented in Table 4 . 29 
are interest, license, and insurance. 
Table 4.29 . Yearly fixed cost for pickups 
Pickup cost $4,770 
Depreciation 
Interest 
License 
Insurance 
$ 715 
156 
35 
130 
$1036 x 30% $ 311 yearly fixed cost allocated to NH 3 
As is apparent from the above table, there was an arbitrary alloca-
tion of fixed cost to anhydrous . The basis of this arbitrary allocation 
is the percentage of anunonia sales to combined ammonia and fertilizer 
sales from Table 4.3 . 
4. 5 . 3.4. Constant per unit of volume per unit of distance 
traveled cost, b1 , for pickups 
Table 4 . 30. Component and total b
1 
cost for pickups 
Gas 2.76¢/gal X 6 MPG 
Oil 
Maintenance 
Repair 
Total 
4 . 25¢/mile 
. 2 
1.0 
1.0 
6 . 45¢/l way mile 
The cost associated with travel, b
1
, and its component costs are 
given in Table 4 . 30 . 
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4 . 5 . 4. Labor cost 
The dr iver labor cost is assumed to be independen t of plant type or 
size. Further, driver labor is assumed to be variable (i . e. each plant 
has enough driver s to deliver the complete output of t hat plant) . The 
time requirements are t he same as for the pickups. The cost is based on 
the $3 . 19/hourly wage used for the variable labor of the farm supply unit 
plants . Off season labor is included for the repair wor k on nurse tanks 
and applicators. Table 4 . 31 illustrates the constant per unit of volume 
cost , b , for labor. 
0 
Tabl e 4 . 31. Total constant unit volume labor cost , b , and component 
costs for different rate levels 0 
------~----------Lbs/ac re~---------------
In season 
Off season 
To t al constant unit 
volume labor cost, b 
0 
160# ' s 
$ . 76/ton 
.20 
$.96/ton 
4 . 5.5. Componen t delivery costs 
195# ' s 245# ' s 
$.72/ton $.69/ton 
.15 .11 
$.87/ton $.80/ton 
At the beginning of the delivery section the stated purpose was to 
deter mine the cost coefficients and time parameters for [3 . 15] and [3.16], 
Table 4 . 32 presents the component costs and time paramet ers . 
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Tabl..: L. 32. Cor1ponent d.::livcry costs end time perameters 
---
REXHJIJJ: SEASON . EXPANDED SEASON 
------ ----------------bbs. NH3/Acre-- - ---------------------
160 195 245 160 195 245 
b ---------------------------$1/ron------------------------~-
0 
Applicator $1,81 $1.67 $1,50 $1,81 $1.63 $1,49 
Nurse tnnk 1,11 1.11 1,11 1,11 1.11 1.11 
Pickup . 03 .03 .03 ,03 . 03 .03 
Labor -. 96 .87 ,80 .96 ,87 ,80 
Tobal b 
0 
Cost $).91 ~3 . 68 $3.L4 $3 . 91 $3.64 $.3.43 
b -------------- -----------$/1 woy Mile---------------------0 
Labor .107 ,107 . 107 .107 . 107 ,107 
Pickup . 064 .064 ·.064 . 064 . 064 .064 
Total bl Cost $.171 $.171 $.171 $ .171 $.171 $.171 
Time 
Effective working hours, H 
H App 150 i5o 150 180 180 180 
H Pickup 
. 
180 180 180 216 216 217 
H Nurse tank 160 162 164 19.3 194 197 
----------------------- --Hrslron---------------------------
go App 1,90 1.50 1.35 1,92 1.7.3 1.5.3 
g
0 
Nurs9 tanks 2.64 2 • .3.3 1. 98 2.67 2.47 2,25 
g
0 
Pickup .2.35 .222 .214 . 2.35 ,222 .214 
go ----- ---------- --- -------Hrs/l Way Mile- --- - - ---------------
gl App .017 .017 .017 .017 ,017 . 017 
g1 Nurse tansk • 0.3.3 • 0.3.) .0.3.3 . 03.3 ,0.3.3 .03.3 
g1 Pickups • 0.3.3 ,OJ.3 • 0.3.3 .033 .033 .0.33 
Yearly Fixed Cost 
Composite Applicators $284 $350 $38.3 $297 $.356 $352 
Nurse tnnks 15J 15.3 15.3 153 15.3 15.3 
Pickups .3ll .3ll .311 311 Jll .311 
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5. PRESENTATION OF COST RESULTS 
The purpose of this chapter is to present the findings of this study 
and evaluate the efficiency of ammonia retailing. 
This chapter is organized in the following manner : 1) an overview 
of how the costs a re determined, 2) presentation of short and long run 
plant costs, 3) examples of how delivery costs are determined, 4) an 
example of how short run retail distribution costs are determined, 5) pre-
sentation of the representative long run retail distribution cos ts, 6) 
comparison of current and expanded season's costs, 7 ) comparison of dif -
ferent market share's costs , 8) comparison of different demand densities' 
costs, 9) an analysis of the importance of plant size, and 10) a discus-
sion of the efficiencies of retailers. 
Three different methods are used to present the cos t data. First, 
cost tables are used to show both short and long run costs. Second, re-
gression is used to present the short and long run plant costs in a 
concise manner. Finally, graphs are used to depict the cost findings. 
5 .1 . Cost model overview 
In Chapter 4 an overview of the cost model was given to provide a 
framework for discussion of the cost coefficients and time parameters. 
The purpose of th is overview i s to provide a similar framework to describe 
how the cost model was used in determining retail distribut ion costs . 
Equation (3.3] TPC = FPC + D · APVC is the basis for the 
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1 determination of the plant costs • Plant costs were calculated for the 
6 plants. Because plant capacity is changed for the expanded season 
there are a total of 12 short run plant costs . 
Equation [3.13) and [3.16) provide the basis for calculation of 
delivery costs . The number of delivery units are determined by 
[3.13) 
Then, the total delivery cost is resolved by 
[3.16) TDC 
Dl/2 
D(b
0 
+bl .4714 -l/2) + FN . p 
Because each market environment (a particular season, market share, 
rate level, and corn acreage) is considered to be a unique cost situation 
it is necessary to calculate delivery costs for each market environment. 
A total of 36 separate delivery costs were determined (the total combina-
tions of the 2 seasons, 3 market shares, and 2 corn acreages). 
The fixed delivery cost corresponding to each plants capacity output 
(volume) is determined. Then short run retail distribution costs are 
calculated for each plant. The 36 separate delivery costs, when combined 
with the six plant costs, result in 216 unique short run retail distri-
bution cost cases. The 216 short run costs, at each plant's capacity, 
are given in the Appendix. Also included in the Appendix are the plant 
1 
Note: Plant costs, delivery costs, and short run retail dis tribu-
tion costs were calculated with the aid of the computer. All three of 
these costs were calculated in 100 ton intervals. 
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costs, delivery costs, and the numbers of pickups, nurse tanks, and 
applicators for each case. 
The short run retail distribution costs, at each plant's capacity 
of the 4 farm supply plants are used to estimate the long run aver age 
retail distribution costs. Changes in the long run retail distribution 
costs are examined for different seasons, market shares, and demand 
densities . 
5 . 2. Plant costs 
This section will deal with the determination of the individual plant 
costs, and the use of the individual plant costs in estimating the long 
run plant costs. 
5 . 2 .1 . Short run plant costs 
Table 5.1 denotes the plant capacities for the regular and expanded 
seasons for the six plants considered. 
Tablo 5.1 . Plant capacities for t he regul ar and expanded eeason 
Farm Suupl.y Units 
Plant 1 Plant 2 Plant J Plant L 
Spccisli::ed 
Pl.ant 1 Pl.ant 2 
---------------~------•----~--tons------~-------~~~-~------~ 
Regul11r Seaaon 
Expanded Season 
900 
1100 
1800 
2100 
2JOO 
2700 
3200 
J800 
900 
llOO 
1800 
2100 
It was possible to formulate the cost data from Chapter 4 into a 
regression equa tion. Regression is used here as a means of presentation 
of information rather than as a tool of analysis. Table 5.2 presents the 
regression results of the 12 short run plant costs (because of the 2 
season lengths there were 12 rather than six short run costs). 
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Table 5.2. Rosult:i of shor t run plant analysi.;: Equation for total yearly pl ant cost 
Cntegory of 
Variable 
Dependent 
Indepcnd1mt 
Variable 
Total Plant Cost 
Fixed Plant Cost 
Intercept 
Dwmey for plant size 2 
Dwruey for plMt size 3 
Dtumey for plant size L 
Dwnnzy" for speci3l.izad plant 
Dwmey for expanded season 
InterAction for specinlized plant, 
size 2 
Interaction for expanded season, 
plant size 2 
Interaction for expanded season, 
plant size 3 
Interaction for expanded season, 
pl ant size 4 
Interaction for specialized plant, 
expanded season 
Interaction for specialized plant, 
expanded season,size 2 
Constant Variable Plant Cost 
Yearly Tonnage (tons) 
Interaction for tonnage , size 2 
Interaction f or tonnaee, size J 
Interaction for tonnAgo, :;;ize 4 
Interaction for specialized plant, 
tonnage 
Inter action for specializod plant, 
tonn!l(Ie cize 2 
Interaction for expanded :;;eason, 
tonnage 
Interac t ion for expanded season, 
tonn<igc, size 2 
Inter action for expanded season, 
tonnaee, size J 
Interaction for extended season, 
tonnage , size 4 
Interaction for extended season, 
specialized plant, tonnaee 
Interaction for extended season, 
specialized plruit, size 2, tonnaee 
~:otation Coof Iicicnt 
TPC 
B 
0 
$2020. 00 
CAP2 1354. 00 
CAP) 2219 . 00 
CA.PL 3563.00 
PT 2395. 00 
s 105 ,00 
PTJCCAP2 · 1619.00 
SXCAP2 5 .00 
SlCCAPJ 20. 00 
SXCAPL 218 .00 
PTXS 441.00 
PTXSJCCAP2 -lh. 00 
Q L.5o 
QJCCAP2 -0.32 
QXCAPJ -o..so 
QXCAPL -0.10 
PTXQ -0. BJ 
PTXQXCAP2 O,OL 
S.(Q -0. 35 
SXQXCAP2 o.oL 
SXQ:<CAPJ 0. 01 
SXQXC.:APL 0 ,10 
SXPTJC!.I 0. 09 
SXPTXQXCAP2 -0 ,01 
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A series of examples will be given to demonstrate the use of the 
regression equation. 
Problem: What is the short run plant cost for 100 tons of output 
for Plant 1 in the regular season? 
TPlClOO tons = Bo + lOOQ 
$2020 . 00 + 100 ($4.50) 
TPlClOO tons = $2470.00 
Problem: What is the short run plant cost for 2700 tons of output for 
Plant 3 in the expanded season? 
= B + CAP3 + S + SXCAP3 + 2700 (Q + 
0 
$2020.00 + $2219.00 + #105.00 + $20.00 + 2700 ($4 . 50-
QXCAP3 + SXQ + SXQXCAP3) 
0.50 -0.35 + 0.07) 
TP3C2700 tons = $l4 , 4o8 
Problem: What is the short run plant cost for 1425 tons of output for 
the specialized plant, size 2 in the expanded season? 
TP C - B + CAP2 + PT + S + PTXCAP2 + SXCAP2 s2 1425 tons- o 
$2020.00 + $1354.00 + $2395.00 + $105.00 + $1619 . 00 + $5.00 
PTXS + PTXSXCAP2 + 1425(Q + QXCAP2 + PTXQ + PTXWXCAP2 
+ $441.00 - $14000 1425(4.50 - 0.32 0.83 0.04 
SXQ + SXQXCAP2 + SXPTXQ + SXPTXQXCAP2) 
- o.35 + o.o4 + o.o9 o.ol) 
TPs2Cl425 tons • $l2, 542 
The average plant cost is the total plant cost divided by output. 
Figure 5. 1 presents the plant costs for the 4 farm supply units for 
the regular season . As is apparent from the graph, economies of size do 
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exist for plants. Although not represented graphically the specialized 
plants have greater costs for all r anges of volume as compared to Plants 1 
and 2 of the farm supply units . The difference in plant costs between 
plant 1 and plant 2 of the farm s upply unit firm type and the specialized 
firms' plant Sl and S2 lies in the higher fixed costs (primary fixed labor 
cost). 
5.2.2 . Long run plant costs 
The individual plant costs, at their capacities, can be considered 
point es timates of the long run plant costs. Table 5.2 was used to calcu-
late the capacity costs for each plant for both seasons . The cost infor-
mation is given in Table 5.3 . Also , included in Table 5 . 3 is the re-
gression estimate of the long run plant costs. The reader is cautioned 
that the range of interpolation for the specialized plants is 900 to 
1800 t ons. 
Tabl• 5, J , Tota.l p l ont c <>•t,ill plAAU at c a1 •ci~y , r e.;ulnr and "':l'nnrl~rl '""~en 
Rei:rc is~~n " quati : n• :01· le,...; :'\Ul r lr.:tl CC'!~E 
I 
I f'1.r1JI type ':u·:-: Sul:!E!.I" Uni t. St'.:icldi~~d 
Plant. l PlMt. 2 Pl nnt. 3 rlant 4 Plnnt 1 r lant 2 
Regular $6066 $10, 890 $13, ls32 $18,728 ~7722 $13,482 
&.'q>anded 6688 11,613 14,Ll6 19, )80 8712 15,939 
Regular 
LTPC - 02. 9$6 c. ,51.6 .,2.798 Q.659 
Ex;ia.,dcd 
tTPC - e3.li71 ~.BL2 0 3.572 C. .822 
Loger.d: t:'PC • Lone run total plant cost, e buo or natural loe, Q • tonnage. 
Figure 5 . 2 presents graphically the long run plant costs for the 
farm supply units in t he r egular season. 
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5.3. Delivery costs 
This section will deal with the determination of delivery costs. The 
method used was to calculate variable and fixed yearly delivery costs for 
2 
100 ton intervals with the use of equations (3 . 11) and (3.13] . Two 
examples will follow to demonstrate how delivery costs were determined. 
Table 5.4 is a sununation of costs and coefficients from Table 4.32 needed 
for the cost determination. 
Table S.4. Selected ooet ooe!ficiente and tim~ parrunetera f or deljve ry costs 
Demand Densit y • lJ.84 t on/sq. m.il o, re&ular sc~son 
b
0 
b
1 
H Yearly Fixed Cost g
0 
s1 ....__~~~~~~~~~-
Type delivery unit ---<:ost/ t on- - - Hours ----hrs/ton---~ 
Appllcotor $1. 81 1$0 $284 1 . 90 . 017 
Nur:sc t ank l.11 160 l SJ 2.64 .OJJ 
Pickups . OJ 0. 107 180 Jll o.2JS .OJJ 
LRbor .96 0 .064 
$J . 91 $0.171 .._ 
To determine the variable delivery cost of 100 tons of allDllonia for 
a 100 percent market shar e, the appropriate coefficients can be substi-
tuted into equation (3.11]. 
Variable delivery costs = D(b 
0 
01/2 
bl .4714 1/2) ; 
p 
voe = 100 tons 100 tons ($3.91/ton + 112 
2 
= $414.37. 
($ I I 100 tons 0.171 ton mi)(.4714 13 84 I il 1/2) . ton sq.m e 
An attempt was made to use regression to present delivery costs but 
it was not possible to specify the cost-volume-distance relationships 
with the degree of accuracy desired. 
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To resolve the fixed delivery costs for 100 tons of ammonia, it is first 
necessary to determine the number of delivery units, N, from equation 
J 
[3.13), N 
Number of: 
N > 100 tons (1.90 hrs . + (0.017 ton/hr/mi)(l.27 mi) Applicators; 150 hrs 
N > 1 . 28 = 2 applicators 
N > 100 tons (2 . 64 hrs.+ (0.033 ton/hr/mi)(l.27 mi) Nurse tanks; l60 hrs 
Pickups; 
N > 1.67 = 2 nurse tanks 
N > 100 tons (0 . 235 hrs . + (0.033 ton/hr/mi)(l.27 mi) 
180 hrs 
N > 0.13 = 1 pickup. 
The fixed delivery cost, FDC, then, is the sum of the individual units. 
FDClOO tons = FN = 2 ($284) + 2 ($153) + $311 
FDC $1185 . 100 tons 
Total delivery cost , TDC, then is the sum of VDC + FDC 
TDC100 tons = $414.37 + $1185 = $1599.37 
The average delivery cost, ADC, for 100 tons of ammonia is 
ADC = 1DC100 $1599.37 = $15 99/ 100 tons D tons = 100 tons · ton. 
A slightly different method is used for determining the delivery cost 
fo r the declining market share. For this market share condition it is 
3 Dl/2 
A a .4714 _ 112 , average travel distance, and average one way travel p 
distance will be used interchangeably throughout the rest of this chapter . 
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necessary to resolve the demand for the retailer in each increment mile. 
Then the ton- miles can be s tipulated and thus the average one way travel 
distance. Table 5.5 gives t he determination of t on-miles for the declin-
ing market share for 900 t ons of ammonia. 
Table S.S. Detenllinat.1.on of ton-lid.lea, an exapla 
Demand Donsity • JS • l3,81J ton/ eq . 11111• 
~:iles from pl.M t l 2 3 IJ s 6 7 
Tot3l dtsmand 
.l.n 1th mile<>( t ons) 27 .68 83.04 1)8, IJO 19).76 2L9, l 2 301.i ,l.i.6 359.81J 
lhr ket share 
in 1th n.ile ~) 100 93 86 79 72 65 56 
Plant 1 1 demand 
in 1 t.h mile (tona) 27. 68 86 .SJ 119,02 153.07 179.37 197.91 1J6.IJ2 
Ton lllilea 27.7 17),l 357. l 612. 3 696.6 1187.S 951J .9 
*rotal demand• 2 (1)2 15' and demand in 1th Id.le• 2 (1) 2 P - 2(1-1) 2 JI, 
The average travel distance, then, i s the ton-miles divided by tons 
Average one way travel distance
900 t ons 
= 4209.4 ton-miles = 4 . 68 miles4. 
900 t on 
Using equation [3.10) for variable delivery costs 
VDC = D (b
0 
+ b
1 
ATD), 
the delivery cost for 900 t ons of arranonia under cond i tions of declining 
market share is: 
VDC900 tons = 900 tons ($3.91/ton + ($0.171/ton/mi)(4.68 mi)) 
VDC900 tons $4239 . 00 
The number of delivery units , 
1 N > 900 ton (1.90 hrs .+ (0.017 to n/hr/mile)(4 . 68 mi)) App icators; 
150 hrs 
N > 11.88 = 12 
4 In the computer program an itera tive process was used which y ields 
a slightly different average travel distance . 
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N 
> 900 ton (2.64 hrs. + (0.033 ton/hr/mile)(4.68 mi)) 
Nurse tanks; 160 hrs 
Pickups; 
N > 15.72 + 16 
N > 900 tons (0.235 hrs+ (0 . 033 ton/hr/mile)(4 .68 mi)) 
180 hrs 
N > 1.94 = 2 
FDC900 tons c 12 ($284) + 16 ($153) + 2 ($311) = $6478.00 
Then the total delivery cost for 900 tons of ammonia is 
TDC
900 
= $4239.00 + $6478 .00 = $10,717.00 
tons 
and the average delivery cost for 900 tons of ammonia, 
ADC = $10,717 = $11 91/t 900 tons 900 ton • on . 
A few comments need to be made on the use of this method. First, it 
is necessary to calculate the delivery costs for each market environment 
combination, this is why the demand density, market share , and season 
length were specified in Table 5 . 4. Second, it s hould be apparent from 
the examples that the 100 ton intervals are an arbitrary break which 
results in excess capacity of the delivery units. The alternative is to 
calculate the individual incremental capacities for the three different 
types of delivery equipment which becomes rather unmanageable. 
Table 5.6 presents the delivery costs for the following market en-
vironment: regular season, declining market share, 160 lbs. of ammonia 
per acre on 173 acres of corn per section or a demand density of 13.84 
ton/sq . mile. 
Table 5.6 represents an estimate of the long run delivery cos t s for 
the specified market environment. The long run delivery costs are 
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defined here to mean the minimum delivery costs for delivering a given 
volume of ammonia. It should be apparent from Table 5 .6 that the average 
delivery cost is not a smooth curve. This is due to the excess capacity 
of the delivery units. Similar calculations were made for all 36 different 
market environments. 
Table S.6. Deli"f9l"1 coirt.1 tor 1'1Ular .. ._, d•olininc -.rat llhare, and deaand den.iv o! lJ,84 
ton/sq, 11111, in 100 toe iJlternla 
Output Al'll Number or Vatiable Ioarl,y Total .lveraae Average 
P1ok-up1 l,T, ippl, Del, Coat rixed Del, var, !early 
Cost. Cost. Del.Coat 11xed 
Cost 
Average 
Del, Coat 
-----41 ton------------
100 l,)7 1 2 2 "414.37 $U85 •1599.37 $4,1.4 $ll,85 $15.99 
200 1,95 1 4 ) 848,66 1775 262),66 4.24 8,88 1J .2J. 
~ 2.40 1 6 4 1296.07 2)65 )661,09 4,)2 7.88 12, 20 
400 2,80 l 7 6 1755.53 3086 4841.53 4.39 7. 7l 12,10 
500 J.15 l 9 7 2224,51 )676 5900.51 4.45 1.35 U,80 
600 3,48 2 ll 8 270),07 4577 7280,07 4,56 7.6) 12,l) 
700 3.19 2 lJ 10 3190.57 5l&Sl 8641.57 4,61 1.19 12,)5 
800 4.08 2 l5 lJ Jb86,50 60lll 9727.50 4.66 1.55 12,16 
900* 4,)6 2 l6 12 4190.77 6U7d 10,668. 77 4,70 7,20 U .85 
1000 4,6U .) 18 l4 4703.41 7b6J 12,366.41 4.75 7.66 12,)7 
llOO 4.91 3 20 lS S223.70 82SJ l3,la76, TO la,79 7.50 12,25 
5.4. Short run retail distribution costs - an example 
Thus far plant costs and delivery costs have been treated separately. 
It is the purpose of this section to show how they are combined into 
short run retail distribution costs. With the aid of the regression 
equation, Table 5.2, it is possible to determine short run plant costs 
for a given plant. Short run total and average plant costs for plant 1 
of the farm supply unit firm type are given in Table 5.7 . 
The market environment that is defined for this example is the one 
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previously specified for determining the delivery cost of the declining 
market share. The fixed delivery cost chosen from Table 5.6 is the 
equipment necessary to delivery the plant's total volume of 900 tons. The 
reason for choosing this particular equipment combination is that when 
combined with variable delivery costs, and plant cost, it yields the 
l owest retail distribution cost for that plant. 
Tabl• 5. 7. Plant cost for plan\ l, !ann suppzy unit type , regular season 
Output Plant Plant Total Avcr:lge Aver oi;c Average 
(Tona) Fixed Variable Plant Plant Plant Tot:tl 
Coot Cost Cost Pixed Coat Vnriablo Cost Plant Cost 
-------------- -$1/ron---------------------
100 $?020 $L5o $2L70 $20.20 $L.5o $2L,70 
200 2020 900 2920 10. 10 L.50 lL,60 
JOO 2020 1350 3370 6,73 L.5o 11.23 
400 2020 1800 3820 5.05 4.50 9.55 
500 2020 2250 L270 li.OL 4.50 8. 511 
600 2020 2700 L120 3. 36 l.i. 50 7, 8(.. 
700 2020 3150 5170 2.08 l.i.50 7 .38 
Boo 2020 )600 5620 2.52 4.50 7,02 
900 2020 4050 6070 2,24 4.50 6,74 
Equations [3.18) and [3 . 19) are used to combine the short run plant 
costs and short run delivery costs t o determine short run retail distri-
bution costs. The total and average short run retail distribution costs 
and the component costs are given in Table 5.8. These same costs a r e 
depicted graphically in Figure 5 . 3. Apparent from the graph and the 
table, delivery costs make up a large proportion of the retail distribu-
tion costs. 
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Tllb1" 5 .8. Short run re t.Ul. dist.ribut.ion oo.t and o~oneat. co1ta, regular seuon 
The !inn hna 2 p"iclrups , 16 nurso tanks, and 12 opplicntors 
Output RDC TPC TDC VPC VDC F'PC FDC ATO 
(Tons) (mi IS) 
100 $9362,)7 $2,470 $6892,)7 $445 $414.)7 $2020 $6478 1 , )7 
200 10, 246,66 2, 920 7)26.66 900 848.66 2020 6U78 1.95 
JOO u,l..Wi.09 J,310 7774.09 1350 1296.09 2020 6478 2.40 
400 12,053 51 ) , 820 8233.51 1800 1755.51 2020 6478 2 . 80 
500 12,972 .51 4 ,270 8702.51 2250 2224 .51 2020 6U78 3.15 
600 lJ, 901.07 4 ,720 9181.07 2700 2703.07 2020 61.78 J . 48 
700 11,8.38.57 5,170 9666 .57 .3150 .3190.57 2020 6478 J.79 
800 15,784.50 5,620 10,164.50 3600 3686_. 50 2020 6478 4 ,08 
900 16,7.38.77 6,070 l0,668.77 4050 4190. 77 2020 6478 4 • .36 
.IJ<DC APC AOC AVPC AVDC AFPC AFDC 
100 
---------------- ---- -----------------ooet/ton---------------------- - - - --
$9.3.62 $24.70 $68. 92 $4.50 $4.lli $20 . 20 $64. 78 
200 ·51. 23 l1.6o .36,63 4.50 4.24 10. 10 32 • .39 
JOO .37.15 11.23 25 ,08 4.50 4.32 6. 13 21.59 
400 30.13 9 .55 20.58 4150 ·4.38 5 .04 16.19 
500 25. 94 8 .54 17.40 4 ,50 4.45 4.0)" 12.96 
600 2),17 7 .66 15.30 4.50 l.s,50 J . 36 10 , 80 
700 21. 20 7 • .38 13. 81 4.50 4,56 2 ,88 9 . 25 
Boo 19. 73 7. 02 12 . n 4,50 4 ,61 2 .52 6 , 10 
900 18.60 6. 74 11.85 4.50 4.66 2.24 7. 20 
I.,1;::~:id: rDC- ota:il ri::.st.ribution cost, Tl'C-Toto.l. plnnt co:; t , TDC - Total :l•; !.iv ~:·y co::t, VPC-
Varinulc r!C!J'lt co:;t, VDC-V-.rlaulc dallvory cost, f<"PC- Fixcd plant co:;t, ~·DC-Fix.ad 
delivery c ::ist, ATD-.'v<lr "Lo one \11'~· tr:wcl di:rtanco, /J DC- Avnr Dt;.:i r c t.:til di ::trl.-
bution cos':., IJ'C-Avcr•,--:o pl:mt co=t., 'OC-1.vnr;i·;~ dcl lvory co::t , AVl'C- ·'. v.::r~:o 
'1:1.ilr' •le f ~· "I:, CC\!.: t , ,\''{J.l';- '. ·;~1· ··;·~ v:-ri ~hlt., \!Cl t·.~·~:j r. t,~t. , :. ·"!". '; -.-vcrHt~C l'.i...,t~rl 
plllllt cost, AFDC• AVort\'.,O fi.,.:icl clol1vory co:: t. 
Tilis has been one example of short run r etail distribution costs . 
There were 216 similar s uch determinations made . The Appendix presents t he 
costs of the 216 cases at each plants' capacity. 
5 . 5 . Long run retail distribution cos t 
To make comments on the importance of plant size and t o make general-
izations about season length, market shar e, and demand density i t is 
necessary to deve l op long run costs . The 4 farm supply plant' s short run 
retail distribution cos t s , a t capacity, will be used as es t imat es of the 
long run costs . 
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5.5.1. The representative market environment 
Space does not allow for the presentation of all 36 market environ-
ments' long run distribution costs. Discussion will focus on the current 
market environment and changes in cost due to changes in season length, 
market share, and demand density. 
The market environment that will be considered representative of the 
current market situation is: the regular season, a declining market share, 
160 lbs. of ammonia per acre on 173 acres of c orn per section or a demand 
density of 13.84 tons/sq. mile. 
Table 5.9 presents the average retail distribution costs for the 
plants under the representative market environment. Included are the 
component plant and delivery costs, the nwnber of each type of delivery 
units, and the average one way travel distance for each plant. The de-
livery costs are those necessary to deliver the volume of anhydrous at 
each plant's capacity. Figure 5.4 depicts these costs graphically. 
Tall1• ~. ,.,• .A \'"t" • r• L.tl l di·· rihi t.i .. 11 cu l,:J J'u:- ' ·'t•' CUJ"l'Pn t. 1n.it'lf'•t. .-·nv '..1·onl"lt.Jr1t In t h• · Fort 
u, ., , ~ ;i i · •• :1 
llvc. H.11· !.JJ 1;~ ·II ;~:· -·,.--:, ;~i".i.ri-,rr:;J c:ro·,17 i-: r..-, ·~ l't 'l' ,, ,• t.[ n, 
llt·u .. 1nu iJ, :n:;i t .• v 11. I' ,., 1u/: 1·L_.,n. 
-
lrm T)'l•O .. :,· 1r , ., lf1tll.;: ..Ji ii .... : ··l"' C,;d 
~:L·~ l l'l~p!:.2.___Pla111:__J __ l'la11L ,, l!ML l l'lanL ? 
Attl>C :U8 ,6o $16. 73 $19 .00 $20 ,96 $20,L3 $20,17 
MC o , 7!1 (•, 0'.1 ~. Ii 5 . ;L s . ~J 7, 119 
ADC 11,65 12.67 13.16 lS.41 11.65 12,67 
Nwnber ol 
Piclcupa 2 5 7 14 2 5 
Nurse Ta.nka 16 33 L3 65 16 33 
l.pplicators 12 - 25 32 L7 l:? 2L 
ATI> (mi) L • .36 6 . 72 6,n 16, 71t L. 36 6 ,72 
Leeend: ARDC . /1\t·'.l"-."'.C rct-11 cisl:·Hmtlon "'.C~t.; . . , . l.v;:roi;.:: nlant. :cs~; t.DC . :.\'~rnr.:'l 
dollvel7 cost.; A'rl.l . /Vi.""'rPte,r. one w:w t.rnv,-:o: riist: nee ; <:!,c,ot cr"t pl:int.. 
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From the table it is apparent that the plant delivery unit combina-
tion that yields the lowest average retail distribution cost for the farm 
supply units is Plant 1 while the specialized plant S2 is the lower cost 
plant for the specialized firms. In all cases considered in this study, 
plant S2 was the lowest cost of the specialized plants . As would be ex-
pected average delivery costs increase as plant size increases. The 
increase in pickup numbers between Plant 1 (2) and Plant 4 (14) represents 
the most dramatic change in equipment units and can be explained by the 
much greater travel distance necessary t o obtain the needed volume for 
Plant 4. 
The individual retail distribution costs and the component costs for 
each plant at capacity can be assumed to be observations along the long 
run retail distribution cost curve . Figure 5.5 represents the estimated 
long run average retail distribution cos t s for the farm s upply unit firms 
under the current market environment. As is apparent from the graph 
there are slight diseconomies for this market environment. It is against 
this cost estimate that cost comparisons for changes in season length, 
market share, and demand density will be made. 
5.5.2. Change in season length 
It was proposed in Chapter 2 that possibl e cost savings could be 
realized if there were more time available to distribute the ammonia. 
This section will examine how r etailing costs will change with additional 
distribution time . 
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In Table 5.10 the costs for a market environment are given which has 
a 20 percent increase in distribution time (application and delivery time) . 
This market environment differs from the representative market environ-
ment only in the time available for distribution. The optimum plant-
delivery combination has shifted from plant 1 to plant 2 for the farm 
supply units. There has been a reduction of $1.18 per ton in average re-
t ail distribution cost between the optimal plants for the two different 
market environments. (In other words, the minimum average retail distri-
bution costs has been reduced $1.18 per ton while there has been an in-
crease of 1400 tons of ammonia distributed . ) 
This cost savings is realized for all plants and for increased 
tonnages. An increase in season l ength then would result in cost savings 
to retailers and also in increased olant capacities . 
Table S,10, Average r etail di:stribution costs tor plants vith an expanded aea11on 
r •. <rruidcd :;cason 
?inn Type ---·. ~lln!_~-- secc:~ 11-cci 
Plant l *Plant 2 Plant J Plant '1 Plant l Pl.Ant 2 
ARDC $17 .SS h7. '12 $18.3'1 $20. 93 $19.39 $18, 78 
APC 6,o8 S.SJ S. 3'1 5.10 7.92 6.89 
ADC ll,'17 ll.89 l),01 l.S.82 11.111 ll,89 
number or 
Pickupa 3 s ti 18 J s 
Nurso Tanks 17 JJ Wi 69 17 JJ 
Applicators lJ 2s JJ '19 lJ 2S - -
ATO (mi) L. 91 7.S9 12.02 22.'12 L. 91 1. 59 
Lecond: Alll>C • Avorqe rotail dietrilrution coet; APC • Averaae plant oost.; ADC • Avorago 
delivery coat; ATD • Averqo one v13 travol distance; •Least cost plant, 
The amount of delivery equipment has increas ed for all plants but 
this s hould be viewed with the reminder that there has been an increase 
in the annual tonnage for each plant. In other words, if, for plant 1, 
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plant capacity had remained at 900 tons per season the number of delivery 
units needed would have been reduced to 14 nurse tanks, 10 applicators, 
and the number of pickups needed would have rema i ned at 2 for the ex-
panded season. Average delivery costs would have been $11.02/ton or a 
reduction of $ . 83/ton. Again the greatest change in delivery units is 
in pickups, plant 1 (3) to plant 4 (18). 
Figure 5.6 depicts the long run average cost curves for the regular 
and expanded seasons. It should be noted that there is a general shift 
downward for all costs in the expanded season. 
5.5.3. Changes in market share 
Another objective of this study was to examine the effect of different 
estimate of the market share assumptions on retailing costs. This sec-
tion will deal with these considerations. 
Table 5.11 gives the average retail distribution costs for the market 
environment described in section 5.4.1 with the exception that the market 
share assumption has been changed. If the retailer could obtain all of 
the demand in his trade area it is apparent that costs would be reduced. 
What is even more significant is that the optimum plant-delivery unit 
combination has shifted from plant 1 with a 900 ton capacity for declin-
ing market share to the 3200 ton plant for the 100 percent market share. 
Or, average retail distribution costs have been reduced $.41/ton with a 
2300 ton increase in voltllile. As plant costs are the same for both market 
environments all of the difference can be explained in terms of average 
travel distance. For the most extreme comparison, a retailer owning 
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plant 4 facing a declining market share environment would have an average 
travel distance of 16.74 miles. While this same retailer when having a 
100 percent market share would have an average travel distance of 7.17 
miles, or a difference of 9.57 miles. This would indicate that retailing 
costs are increased by competitive market factors. 
Table 5 .ll. AvorOj;o ret:i.il d1 !1tr1but1on coHs for plant.:;, d1ff<>Nn~ lllll.rkct !lharos 
lOOt Marj(&~ Shure 
·-
r'irm T;-pc r lU"lll Suppl;(J2!tts ~tJcl:1li~ o~· 
Plant l Plnnt 2 l' lant J <>f'lMt !i l'lnnl 1 I l •11l 2 
ARDC $16.50 $18.34 $18,2) $18,19 $20 . JJ $19 ,78 
APC 6 ,74 6,0S 5.64 5.54 8 . 56 7.49 
ADC ll.76 12,28 12,)8 12.65 u. 76 12,28 
Nwnber of 
Pickups 2 5 6 9 2 5 
llurse TanJc11 16 )) 42 59 16 )) 
Applicators 12 24 Jl 43 12 24 
ATD (mi) J .80 5 . J8 6,08 7.17 J.80 5 . )8 
Jl( Market Share 
Plant l *Plant 2 Plant J Plant 4 Plant 1 Pla.nt 2 
ARDC $19,61 $19,4J $19,51 $19,70 $ 21,64 $20.87 
APC 6,74 6.0S 5,64 5. 54 8.58 7.49 
ADC lJ.06 l),)7 lJ,67 14.16 lJ,06 lJ.J7 
Number or 
Pickups J 6 8 12 J 6 
tlurso Tonica 17 )Ii LL 62 17 JI 
Applicator a 1) 25 J2 45 lJ 25 
ATD (m.!) 6.58 9.)1 l0.5J 12,42 6,58 9.Jl 
Lo&end: ARDC • Averace retail distribution cost; APC • Average plan~ cert; ADC • Average 
dlllivcry cos~; l.":J • Avcr111;c on<l wny •r.wcl dist.11nce; "Lunst cost pli..:it.. 
The market environment including the constant marke t share of 33 
percent has generally higher costs for the small plants as compared to 
the declining market share. The optimum plant-delivery unit combination 
shifts from plant 1 to plant 2. There is an increase of $.83 per ton in 
128 
the minimum average retail distribution cost for the constant 33 percent 
market share. Again this difference in costs can be explained in terms 
of differences in average travel distance. 
The trade area was specified for the representative market environ-
ment and the constant market share environment in such a manner that in 
a 15 mile radius of the plant, the total demand obtainable by the plants 
(2074 tons) was the same. In this case, it can be concluded that the 
constant market share assumption results in higher delivery costs for 
plants with smaller volumes. 
Figure 5.7 depicts the comparative long run average retail distribu-
tion costs for 100 percent market share, LAR.C
1
, declining market share 
LAR.Cdms' and constant market share of 33 percent, LAR.c.
33
• The most 
striking comparison is between LARC1 , and LARCdms where the cost curve 
changes from continuous diseconomies to continuous economies over the 
volume range considered. 
The influence of market share has a similar effect on the retail 
distribution costs of the specialized plants. The difference again can 
be explained by the change in average travel distance. The 33 percent 
market share assumption results in a cost difference of $.77/ton between 
plants Sl and S2 while the declining market share would result in a 
$.26/ton difference. 
5.5.4. Changes in demand density 
As discussed in Chapter 4 demand density is comprised of the pounds 
of ammonia used per acre (rate level) and the number of acres using 
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annnonia per square mile. This section will deal with changes in these t wo 
factors . 
5.5.4 . 1. Change in rate used per acre The question to be 
examined here is : What can the retailer expect to be the effect on costs 
as per acre usage increases? Table 5.12 present s the retail distribution 
costs for plants under the current market environment except for rate 
levels. 
Table S,12, Average retail distribution coats for plants, different roto levels 
1956 NH/acre, 19J a.cres7section, De1lll1nd Density • la.~s t on7aection 
Firm Type r:ll'l'I S!!£Dli Untt '1oecial1...ed 
Plont l Plant. 2 ,. Pl;in:. J Plr 'lt. !. Plant l Plnnt 2 
AkDC $17 . 7L ;)17. 26 U7.19 $17. 78 .:a9. S7 $18. 70 
APC 6,74 6.0S S.84 S.54 8.58 7.49 
ADC 10.99 11.21 11. JS 12 .2) 10,99 11.21 
Number ot 
Pickups 2 s 6 10 2 5 
Nurse Tanks lJ 25 JJ 47 lJ 25 
Applicators 10 19 24 JS 10 19 
ATD (mi ) J.71 5.56 6 . 52 9.46 J.71 5.56 
2451 Nll/acre, 204 acres/ sect.ion, Demand Density • 2).06 ton/sect.ion 
Ple.nt 1 Plant 2 Plant J •Plant 4 Plant 1 Plant 2 
ARDC $17.0S $16.42 $16.So $16,)9 $18. 88 $17.86 
APC 6.74 6.0S 5.84 5.54 8.58 7.49 
1IlC 10.JO 10,)6 10,66 l0.8L 10.JO 10,)6 
llU111ber o! 
Pickups 2 L 6 8 2 L 
:-lurse Tanks 11 22 28 LO 11 22 
l.ppllcators 9 17 22 JO 9 17 
ATD (mi) J.29 4.85 1).64 7.04 J.29 4.85 
Legend: AR.Ix: • Average rat.ail distribution coat ; APC • Averrbo plant c~st.; ADC • l.v~raco 
delivery coat; Am • Average one vay travel distance· •Least cost plant. 
As demand density increases from 13.84 ton/ sq . mile to 18.45 ton/ 
square mile (rate level increases from 160 lb/acre to 195 lb/acre) the 
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optimum plant-delivery unit combination shifts from plant 1 to plant 3. 
This is a decrease of $1.41/per ton associated with an increase in tonnage 
of 1400 tons. 
As demand density increases from 13.84 ton/sq. mile to 23.06 ton/sq. 
mile (rate level increases from 160 lb/acre to 245 lb/acre) the optimum 
plant-delivery unit combination shifts from plant 1 to plant 4. This is 
a decrease of $2 . 21 per ton associated with an increase in tonnage of 
2300 tons . 
Again the change in delivery cost can be explained by the change in 
average travel distance. It is interesting to note that the 23.06 ton/sq. 
mile demand density results in 6 fewer pickups, 25 fewer nurse tanks, and 
17 fewer applicators than the representative market environment. 
The difference in long run distribution costs due to differences in 
rate are depicted in Figure 5.8. LARc
160 
represents the current demand 
density, LARC195 represents demand density for 18.45 ton/sq. mile, and 
1ARC245 demand density for 23.06 ton/sq . mile. The cost curve changes 
from continuous diseconomies to continuous economies over the volume 
range considered from the lowest to highest demand densities . 
5.5.4.2. Change in acres per sq. mile The final factor to 
be examined is a change in the ntllllber of corn acr es grown per section. 
Table 5.13 presents the average retail distribution costs for plants 
under the current market environment except for the ntllllber of acres. As 
demand density increases from 13.84 ton/sq. mile to 16 . 67 ton/sq. mile 
the optimum plant-delivery unit combination shifts from plant 1 to plant 3. 
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This is a decrease of $ . 21/ton associated with an increase in tonnage of 
1400 tons. This change can again be explained by the reduction in average 
travel distance. Again there is a rather large increase in pickup numbers 
between plant 1 (2) and plant 4 (11). 
Table S.13, Aver aee r et&il distribution costs for plants, different Acr el\ge levels 
209 acr .. ~ 1-' ' r sect.1.on, !J:::-..3nd Density• l~. ~7 t.on7 ~·'c !.i on ·-
--
l'irlrl Type F.,r.'l !;12;,}t l•t 11nit.!: Soocieli=cd 
Plant l Plant 2 •Plant J Plnnt L Plant l Plant 2 
All.DC $18.SJ $16.LJ $18.)9 $l9.L7 $20.J6 $19.87 
APC 6,7L 6 .0S S.8L S.SL B.SB 7 ,L9 
ADC ll.78 12.38 12.54 lJ. 92 11, 76 12.38 
llWTJber of 
Pickups 2 s 6 11 2 s 
Nurse Tanks 16 JJ L2 62 16 JJ 
Applicators 12 2L Jl LS 12 24 
A1'D (mi) J,9) S.92 7 .01 ll.62 J . 93 5.92 
Legendr AHDC • Averap;o retail diatr1bution co~t ; APC • Average plant cost; ADC • Averaco 
delivery cost; >TD • AvorAge one vay tr~vel distance; *Least. coat plant. 
Figure 5.9 presents the long run average dis tribution cost compari-
sons between the increased acreage level, LARC
2
a, and the current acreage 
level, LARC la. 
Changes in demand density has the same characteristic effect on the 
specialized plants as it does on the farm supply unit plants. As demand 
density increases the average retail dis tribution cos t is r educed as is 
average travel distance. 
As was discussed in Chapter 3, the influence due t o changes in sea-
son length, market share, and demand densities can be predicted on an 
a priori basis . The importance of t he foregoing examination of these 
factors was to determine the relative importance of each individual 
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factor with the other factors held constant. The next section will be a 
summary of the 36 market environment optimal solutions. 
5,5.5. Suuunary of cost model results - farm supply units 
Table 5.14 gives the optimum plant size and the minimum average re-
tail distribution costs for the 36 marke t environments considered for the 
farm supply units. The mean cost for all of the optimum solutions is 
$16.85/ton and the mean plant size is 2.65 (the mean plant size here is 
used as an index of plant size and the problem of having a fraction of a 
plant is ignored). 
Table 5.14. 
M.o..rket Share 
100 percent 
Deol1ning 
33 percent 
Opti.nauft plant sizo-dolivery o<'Uipncnt combinations for the J6 market onvirorunents 
con:iidcrod Md. a:;:.oci:!L..:ll r.v.:r:11;~ rcL~il w.~w-iLut.ion co.;Ls 
·-
Demand Donsitios 
(Tons/:i<t. r.U..) 
So neon 1).84 16.67 18,45 22, 2) 2),06 27.7? 
--·-- ~ 
Regulor 4 2 4 4 ) 4 
$18.19 $18,00 $16.72 $16.6) $16.04 $15.90 
Expanded .3 4 4 2 .3 4 
16.85 15.80 15,07 16.66 15.66 14.90 
Reaular 1 ) 3 2 2 .3 18,62 18 • .39 17.17 16.99 16 • .39 16.10 
Expanded 2 2 2 2 or 3 4 2 17.42 17 .10 16.16 15.89 15.U 15.15 
itegular 2 2 3 2 2 ) 
19.43 19.29 11.99 17.65 17 . 08 16.67 
Expanded l 2 2 2 2 
) 
17.96 17,8) 16.82 16,69 16.06 15.79 
Note: The t.op nUlllber illdio:ites optimwn plant size and the bottom number t.he average retail 
distributi on cost for the plant-delivery equipment for each market environment, 
The information in Table 5.14 was cross tabulated to obtain the mean 
plant sizes and the average retail distribution costs, ARDC, for different 
seasons, market shares , rate levels, and corn acreages. This information 
is presented in Table 5.15. 
Tnble S,15 . 
FACT<'"! 
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Cro:i11 tnbulntion o! averl'~O rotail distribution oost Md plont r:h.e ! or the J6 mru·~tct. 
environments, ! or !am 11uppl,y wiit. t ype. firms 
IV.TB 
::r:A~l HMlcr!' .&RE AC .. ~;s 
Uor: . ;:r.p , )~ D,11,S, l~ 
l.BS, NH~/AC!tES 
l6o 19 245 227 27S 
··- -
~UlC ~17.lil $16 , 29 017. LS ~16 . 73 $15.12 $17.41 $16.92 $16,22 $17 ,46 $16. 2] 
PlNlt ~1::0 2,72 2 , !10 2,17 2, )7 ),42 2. 29 2. se ).o8 2. !>S 2.7:. 
/,TD l:i 6.76 6, 02 0,JO 5.09 5.86 7.20 6,58 6,16 6 ,90 6 , )2 
-
Le:;enc : tJWC - /.vor aeo r otail dillt.ribution cost, ATD - Averoeo ono wny trnvel distance. 
Some generalizations can be made about the influence of the factors . 
As the time allowed for ammonia delivery is increased, the average retail 
distribution cost is reduced as is optimum plant size . The reduction in 
plant size is not unreasonable as the capacity of each plant is increased 
for the expanded season. As the market share that a retailer obtains 
increases, average retail distribution cost is reduced and optimum plant 
size is increased. Both changes can be explained by the r eduction in 
average travel distance. As the per acre usage of ammonia increases, the 
average retail distribution cost decreases and the optimum plant size 
increases. As the number of acres devoted to corn increases , the average 
retail distribution cost is reduced and optimum plant size increases. 
Both demand density factors, rate level and acreage can be explained by 
the reduction in average travel distance. 
5 . 5.6. Surranary of cost model results - specialized plants 
To this point the discussion of average r e t ail distribution costs 
has centered on the farm supply uni t type firms. The primary reason is 
that only two specialized plants were budgeted and it is difficult to 
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make generalizations about the long run distribution costs with only two 
point estimates. Table 5.16 presents the cost information for the 36 
market environments. 
Table S.l.6. Avor11Co rot-'\il distribution ooets for tho 2 spocinli::ed plnnt:; for ,ho J6 mnrl:ct. 
onvirolll'ICnti;, 
Demll1ld Don:;itios 
(Tons/:iq , ni, ) 
I lar kot 5ha.ro Son.son Plont 13,8li 16,67 18.115 22,28 23. cY:i 
100 Percont lleiruJ.ar 2 ~:~~ ~· u. 19, I SfZ:~ ::~-8-~l . • 0 $1.6 · ~t 17. 
Expanded l 18,99 18,92 17.93 i7 .U7 17.50 
2 18,26 18,03 17.18 17,ll l6.h7 
Deollnina Roeular · l 20,Wi 20,.)6 19,58 l?,15 18, 09 
2 20,17 19.87 18,70 l!l ,li3 17,06 
P'..xpanded l 19.39 19,02 18,0l 17, 911 17.57 
2 18,78 16,46 17,52 17.2~ 16 , 78 
33 Porcont regular 1 21,65 21. 2h 20,27 19,134 19,20 
2 20,87 20.73 19. 22 19,09 18, r;2 
~ 1 19,65 19.68 l0,80 18.71 18,19 
2 19.42 19.20 18,19 18.06 17. 42 
27 . 79 
.,;t.:.lH 
17. 
17 . Jl 
1( .l10 
l '.l .L2 
17 . 77 
17 .51 
l{ .51 
19.Jl 
13.!11 
17, 32 
17.JO 
The mean average retail distribution cost (for the 36 market environ-
ments) for the specialized plant 1 is $19.18/ton and is $18.46/ton for 
specialized plant 2. Specialized plant 2 was the optimum plant for all 
market environments. The generalizations made about season, market share, 
and demand density for the farm supply units also apply to the specialized 
firms. 
As was pointed out in the discussion of plant cos ts, the specialized 
firm type has higher plant costs. The higher plant costs explain why 
specialized firms have higher distribution costs than the farm supply 
unit's plants 1 and 2 as delivery costs are independent of firm type. 
Whether the farm supply units have an actual cost advantage is subject 
to question, a vertically integrated firm may more than overcome these 
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costs through savings on sales cost and better control of distribution 
from manufacturer to retailer. 
5.5.7. Importance of plant size 
Rathjen (20) and Rudel and Walsh (21) state that there are cost 
savings to be enjoyed from increased plant size. It is the purpose of 
this section to explore this contention. Table 5.17 presents the mean 
average retail distribution costs and average one way travel distance of 
the four farm supply unit plants for the 36 market environments. 
Table 5.17. Mean average retail distribution cost of the four farm supply 
unit plants for the 36 market environments 
Plant 1 Plant 2 Plant 3 Plant 4 
ARDC $17.18 $16 .91 $16.95 $17. 29 
A'ID (mi) 4.32 6.18 7.16 9.49 
The author would contend that a cost difference of $ . 38/ton (dif-
ference of mean average retail distribution cost between plant 2 and 
plant 4) over a range of 2700 tons (900 tons for plant 1 in the regular 
season to 3800 tons for plant 4 in the expanded season) and more than 
doubling of average travel distance should be considered constant costs. 
Figure 5.10 depicts the comparative market shares again. The long run 
average distribution curve is changed from a diseconomies curve, to an 
economies curve, to a traditional envelope curve depending on what market 
share is assumed. The sensitivity of the long run average distribution 
curve to changes in the market environment can be viewed in a broader 
range of costs that are essentially constant. The retailer would have a 
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better chance of reducing costs by attempting to interest some of his 
customers in applying ammonia at a different time or in gaining a larger 
market share through better service than through trying to select the 
optimum plant size. 
5.6. Retailing efficiency 
The foregoing discussion has centered on the influence of various 
factors which will affect the plant size - delivery equipment selection 
of an individual firm. This section will deal with the relative effi-
ciency of the industry in the Fort Dodge area and the ammonia distribution 
costs of a "typical retailer". The importance of the assumption about 
driver labor will be examined and what effect the assumption has upon the 
practicality of some of the cost model solutions. 
5.6.1. Number of retailers 
In the discussion of market structure in Chapter 2, it was learned 
that there are 150 ammonia retailers in the Fort Dodge area. If the mar-
ket can be viewed to be in long run equilibrium, how many retailers 
should there be? The 100 percent market share discussed in section 5.5.3 
may be viewed as representative of a long run equilibrium solution. This 
would mean that in a perfectly competitive market, no more than 25 equi-
distantly spaced retail plants would be needed to distribute the 78,703 
tons of ammonia fertilizer. Why is there such a large difference between 
the optimal and actual? 
Part of the question can be answered by the cost model, if costs are 
essentially constant (the difference between plant 1 and plant 4 is 
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$.31/ton) then plant 1 might safely be assumed t o be representative of an 
optimal plant. This would increase the number of retailers to 88. Even 
with this modification, there appears to be an excessive number of re-
tailers. 
Another par tial answer i s an implicit assumption that was made about 
the wholesalers; that they could deliver all of the ammonia a retailer 
might need. For an individual retailer this is not an unrealistic assump-
tion, but for a wholesaler with a large number of retailers to supply, or 
the entire ammonia retail industry the assumption is subject to question. 
Time did not allow for a complete analytical examination of ammonia dis-
tribution from manufacturer to farmer but this generalization will be 
made: Some of the small volume size of the retailer s can be explained by 
the inability of the wholesalers to deliver the material in the short time 
available. It may be possible that an increase i n available application 
time would result in greater cost savings at the manufacturing and 
croyogenic storage levels than in retail distribution costs. The cost 
savings at the manufacturing level should result from better utilization 
of plant capacity and the i ncreased time should result in a reduction of 
the off-season storage (the reader is reminded that there is 900,000 tons 
of terminal storage in Iowa and a usage of 521,588 tons in 1970). 
The large growth in anunonia usage in the past ten years indicates 
the industry is not in long run equilibrium. The early and mid-sixties 
were characterized by entry of first the cooperatives and then the verti-
cally integrated firms to take advantage of manufacturing economies of 
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size and the increase demand for fertilizer. The late sixties and early 
seventies have witnessed the exit of some retailers in the Fort Dodge area: 
In 1969, there were 164 active retailing sites, 1970 there were 150 and 
5 1971 there were 144 . If retail margins continue at their present 
levels (about $20/ton) more firms can be expected to leave the industry. 
A final reason can be given for choosing a smaller plant size as 
being a more realistic plant sel ec tion: the assumption of having unlimited 
driver labor. To examine the possibility of economies existing in retail 
distribution, it was assumed that the number of pickup drivers was vari-
able. In Section 5.5, it was pointed out that the number of pickups in-
creased from 2 to 14 for the representative market envirorunent, this would 
necessitate a corresponding increase in the number of drivers. The largest 
number of pickup drivers working from a single site that t he author is 
awar e of is five. Although the farm supply unit type firms have a labor 
pool to draw from, it is not unlimited. This problem is even more criti-
cal for the specialized f irrns if they are to obtain volumes much beyond 
500 tons (the approximate limit for a driver and pickup). One solution 
to the problem of limit ed drivers that one retailer uses is to hire 
farmers and their pickups to make custom deliveries on a per load basis. 
The question of the efficiency of the typical retailer has yet to 
be examined. The average yearly sales in the Fort Dodge area were 521 
tons in 1970. How does this compare with the costs of plant 1 and what 
are the retailing costs of a "typical retailer". 
5 Thorsheim, text referral, p . 19 . 
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5.6.2. Retailing costs of a typical r eta iler 
In Chapter 3 a situation was presented where a retailer might have 
efficient utilization of de l iver y equipment but is unable to obtain plant 
capacity (perhaps due to the local competitive condition or his whole-
saler's inability to supply enough ammonia). The costs of a retailer 
with limited plant volume will be compared with the cost of a typical 
retailer. 
The average retailer will be defined as a full farm s upply firm (farm 
supply unit) with plant 1 being representative of his bulk plant. The 
additional cost due to under utiliza tion of the plant can be found with 
the use of Table 5.2. 
TP C 
1 521 tons B 0 + 521Q = $4364. 50 
$2020 + 521 tons ($4 .50) 
and AP1 c521 tons = $8.38/ton. The av erage cost of plant 1 at its 
capacity is $6.74, so there is an increase of $1.64 per ton due to under 
utilization of the plant. Both the efficient retailer with limited plant 
volume and the typical retailer experience these increased plant costs. 
The efficiencies from the survey of the 28 retailers on the nurse 
tanks and applicators (Chapter 2 , pp. 35 , 36) will be those used as being 
representative of a typical retailer (35 tons/nurse tank/season and 57 
tons/applicator/season). While the method used in section 5.2 is used 
to determine the equipment cost of the efficient r etailer with limited 
plant volume, the representative market envirorunent discussed in 5 .5.1 is 
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the one assumed for this discussion. Table 5.18 presents a cost compari-
son for a typical retailer and the efficient retailer. 
Table 5.18. Average retailing costs for a typical retailer and an effi-
cient retailer with limited plant volume 
Typical retailer Efficient retailer Difference 
with limited plant volume 
Plant cost/ $8.37 $8.37 -
ton 
!Nurse tanks 15 9 6 
~ost/ton $4.40 $2.64 $1. 76 
!Applicators 10 7 3 
Cost $5.45 $3.81 $1.64 
!Pickups 1 1 -
Cost $ .60 $ . 60 -
~ariable $4.47 $4.47 -
delivery 
costs 
!Total $23.29 $19 .89 $3.40 
Average travel distance 3.30 miles. 
It is apparent then that the average retailer has additional costs 
of $3 .40/ton due to the under utilization of nurse tanks and applicators. 
In fact, there are greater cost inefficiencies due to excessive numbers 
of nurse tanks and applicators ($3.40/ton) than there are due to under 
utilization of plant capacity ($1.64/ton). 
There are a number of possible explanations for the excessive number 
of nurse tanks and applicators. First, the farmer often demands back up 
nurse tanks which will si t in the field waiting to be used. Second, the 
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fa rmer of t e n "picks up" ammonia, at a discounted price, himself. This 
often r esults in t he deliver y equipment sitt ing on t he farm waiting the 
farmer' s convenience . Finally , the retailers limited number of pickups 
may result i n an unde r utilization of t he nurse t anks and applicators. 
5.6.3 . Summary conunents on the efficiency of ammonia retailers 
Past studies (20, 21) have depicted the ammonia retail market as : 
having an excessive number of firms; t he manufacturer's accepting a par-
tion of the retailing costs; fo llowing a short run practice of selling 
below full cos ts; economies of size in retailing not being taken advantage 
of; and the retail indus t ry as a whole being rather inefficient . 
One shortcoming of these past studies is that there was no t a com-
pl e te identification of t he cos t s of ammonia r etailing . These s tudies 
understated nurse tank and pickup costs and excluded appl i cator cos t s . 
This stud y has shown that these cost s ar e an important component of r etail 
distribution costs , accounting for 63 to 75 percent of t o tal r etail dis-
tribution cos t depending upon the particular market envi ronment. 
Losses have been incurred at the r e tail level of ammonia distribu-
6 
tion . But to attribute these t o small plant size is s ubject to ques t ion. 
Fir s t, the entire ammonia i ndustry and the fer tilizer i ndustr y in general 
have experienced losses due t o excess capacity and there have been reduc-
tions in profits throughout t he distr ibut ion c ha i n from manufac turer to 
a nd including the reta i ler . Second , it i s conceivable that a r etailer 
6 
For a review of anunonia retail prices and mar gins see Rudel and 
Walsh (21) . 
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with limited volume and efficient utilization of delivery equipment would 
realize lower per unit cost than one with larger volume and under utili-
zation of delivery equipment. 
Finally, there are some inefficiencies in retailing which appear to 
arise from under utilization of the delivery equipment . But, when the 
restraints of the intense season, the wholesalers limited ability to 
serve, and the limited amount of driver labor are considered, it appears 
the retailers are performing effectively. 
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6. SUMMARY 
6.1 . Sununary and conclusions 
There has been a large and rapid gr owth in the usage of fertilize r in 
the United States and in Iowa since 1950 . In Iowa alone, the consumption 
has increased from . 3 million tons to 2 . 6 million tons of fertilizer. 
The reasons for t his growth include: 1) the reduction in r elative price 
of fertilizer to other crop product ion inputs and the corresponding sub-
stitution of fertilizers for these factors of production, 2) the in-
creased acceptance of fertilizer as a profitable resource by farmers 
through the educational efforts of various gover nmental agencies and 
private i ndus try , and 3) the general growth of technology in crop pro-
duction. 
The fertilizer industry ' s response t o the l arge increase in demand 
has been characterized by t echno logical advances and a high degree of 
integration throughout all sectors of the industry . Retail dis t r ibution 
of fertilizer has seen the advent of bulk blending and anhydrous anunonia 
as the primary means of providing the plant nutrients to the farmers. 
One form of fertilizer that has enjoyed wide acceptance by farmers 
i s anhydrous ammonia. In Iowa, it has become the primary nitrogen source. 
One of t he main reasons for the acceptance of allDDonia is that it is the 
l owest cost per unit form of nitrogen. 
The i ntroduction of t he centrifugal compressor enabled the ammonia 
manufacturers to t a ke advantage of economies of size in production. The 
ammonia indus try has been characterized by the building of large 
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manufacturing plants near the supply of natural gas on the coast of the 
Gulf of Mexico. The distribution system has been built around these plants 
with pipelines and cryogenic barges transporting the material to the 
Midwest where it is stor ed at cryogenic terminals. In the late sixties, 
the ammonia sector, as well as the entire fertilizer industry, experienced 
depressed prices due to the overbuilding of plants and the entrance of 
many new firms. 
The purpose of this study was to examine the retail distribution 
costs of ammonia retailers in a nine county area in Nor th Central Iowa, 
the Fort Dodge Functional Economic Area. In 1970, there were 150 aannonia 
retailers with average yearly sales of 521 tons per retail outlet in the 
Fort Dodge area. It was found that there was a fairly high degree of 
vertical integration among retailers, with vertically integrated firms 
having 49 . 5 percent of the sales in the area, cooperatives 43.2 percent, 
and independent retailers 7.3 percent. The rapid growth in the number of 
retailers during the early and mid-sixties indicated the lack of barriers 
to entry in aannonia retailing. One characteristic of all firms retailing 
ammonia was multiple product sales. The degree of multiple product sales 
varies from a complete line of crop production chemicals to a full line 
of farm supplies. 
A series of interviews and surveys were undertaken to ascertain the 
problems and practices of ammonia retailing. The most prominent feature 
of ammonia retailing is the highly intense seasonality of demand, with 
most dealers having only a ten day to three week period to make delivery 
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of almost all material. In a survey designed to learn the average travel 
distance and trade territories of retailers, an interesting phenomena was 
observed - the percentage of the market a retailer obtained declined with 
distance from the plant. In a third s urvey, the average efficiencies of 
nurse tank and applicators were obtained. 
To evaluate the relative efficiency of the retailing industry and 
to estimate the costs of a typical retailer, a modified synthetic cost 
model was developed. The basis for the cost model was the development of 
the relationship between plant volume and delivery costs through average 
travel distance. Plant costs and delivery costs were then combined to 
form retail distribution costs. 
The cost model incorporated many of the practices observed in the 
preliminary surveys of retailers. An arbitrary method of handling 
multiple-use facilities was developed. Six different plants were bud-
geted, four farm supply unit plants representative of full farm suppliers 
and two specialized plants representing the vertically integrated ferti-
lizer dealers. The major difference between the two firm types was that 
plant labor was fixed for the specialized plants and variable for farm 
supply units. The plant volumes ranged from 900 tons per year for the 
present intense season to 3800 tons per year for an expanded season. The 
plant costs, as were all component retailing costs, were obtained through 
interviews and surveys of ammonia retailers and ammonia equipment dealers. 
The delivery costs were comprised of driver labor, pickup, nurse 
tank, and applicator costs. To reflect the various types of applicating 
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equipment a composite applicating machine was developed, with adj ustments 
made for different rate levels (lbs. of ammonia per acre) and changes in 
season length . Ti.me parameters to reflect loading, unloading, waiting in 
the field, travel, etc. were developed to determine the number of pickups, 
nurse tanks, and applicators needed. Adjustments in the time paramet ers 
were made for different rate levels of ammonia and for the two season 
lengths. The cost model selected the number of individual delivery units 
needed for different volumes, season lengths, market shares, and demand 
densities. 
The plant costs were examined for cost differences. A difference of 
$1 . 20 per ton was found to exist between the smallest and largest plants 
for the present intense delivery season. It was concluded that there 
are slight economies to be gained from the larger plant size. 
The various combinations of the 2 season lengths, 3 market shares, 
3 rate levels, and 2 acreage levels considered, resulted in 36 different 
market environments. When the delivery costs of each market environment 
were combined with the individual plant costs of the six plants there 
were a resultant 216 short run retail distribution cost cases. 
A market environment representative of the current season, competi-
tive condition, and ammonia usage was defined. The short run retail dis-
tribution costs of plant l of the farm supply unit type were examined in 
detail. It was found that delivery costs comprised a large portion of 
the retailing costs. Of the $18 . 60 per ton average retail distribution 
costs, delivery costs made up $11 . 85 per ton while plant costs comprised 
$6.74 per ton. 
151 
The average retail dis tribution costs of the four farm supply unit 
plants were examined for changes when each one of the components of the 
representative market environment was changed. This was done to examine 
the influence on long run r e tailing costs due to changes in season length, 
market share, and demand density. 
It was found that optimal average retail distribution costs could be 
reduced by $1.18 per ton if the delivery season was expanded 20 percent. 
There was also a shift in the optimum plant-delivery equipment combination 
from plant 1 t o plant 3, or an increase in volume distributed of 1400 tons 
of ammonia . 
Three different competitive situations were examined : a market shar e 
of 100 percent, the representative declining market share, and a constant 
market share of 33 percent . It was found t hat the 100 percent market 
share situation has a $.41/ton r eduction in retailing cos t s as compared 
to the declining market share. A shift in the optimum plant-delivery 
equipment combination occurred from plant 1 to plant 4. The difference 
in the two market shares can be explained by the difference in average 
travel distance . The constant market s hare of 33 percent has the effect 
of raising the delivery costs for the plants with smaller volume, when 
compared to the declining market share . This again can be explained by 
the difference in average travel distance. 
Different demand densi ties due to an increase in either the rate of 
ammonia used per acre or the number of acres of corn gr own were compared 
with the current demand density of 13.84 ton/sq.mi. It was found in all 
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cases that costs were reduced due to reductions in average travel distance. 
Due to the higher fixed cost of the specialized plants the retailing 
costs were found to be greater than the farm supply uriit plants. It is 
not known whether the cost savings from vertical integration would over-
come these higher retailing costs. 
The costs and plant size of the optimum plant size delivery equipment 
combinations for the 36 market environments were cross tabulated with 
these findings: 1) as time for annnonia retail delivery is increased, 
retail distribution costs are reduced as is the size of the plant, 2) as 
the market share a retailer obtains increases, the retail distribution 
cost is reduced and optimum plant size is increased, 3) as the demand 
density (either rate level or number of corn acres) increases, retailing 
costs decrease and optimum plant size increases. 
The possibility of economies of plant size existing in retail dis-
tribution of ammonia was examined. The retail distribution costs of the 
four supply unit plants were averaged for the 36 different market en-
vironments and a cost difference of $.38/ton in retailing cost existed 
between the four plants. It was concluded from this that retail distri-
bution costs were essentially constant. In other words, plant size has 
only a minor influence on retailing costs. 
The constant cost finding was used to explain the sensitivity of the 
long run retail distribution cost curve to changes in market environment. 
The constant retail distribution costs can be explained in this manner: 
the rising delivery cost offsets the slight cost savings enjoyed by the 
larger plants. 
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The costs developed in this study were used to evaluate the retailing 
efficiency in the Fort Dodge area. The 150 retailers appear to be exces-
sive when measured against the 88 suggested by the cost model. Two short 
comings of the cost model were pointed out that might explain some of 
the differences: 1) the wholesaler's inability to service the demand in 
the short time allowed and 2) the limited amount of driver labor available 
to make deliveries. When these factors are considered the retailers 
appear to be doing a fairly effective job of marketing. 
The costs of a typical ammonia retailing operation were es timated. 
These costs were $23.29 per ton. Some inefficiencies were found in the 
typical retail ing operation measured against the cost model results. 
Additional plant costs of $1.64 per ton and additional delivery costs of 
$3 . 40 per ton were estimated for the typical retailer. The plant costs 
arise from an inability to realize plant capacity. The additional de-
livery costs are due to under utilization of nurse tanks and applicators . 
6 . 2. Limitations of the study and areas for further examination 
There were a number of factors that were not considered (due to the 
limits of time). It is the purpose of this section to point out those 
factors and suggest their importance. 
6.2 . 1. Location 
No reference was made t o the location or relocation of distributors. 
Currently, the pattern of location in the Fort Dodge area appears to 
follow the railroad lines. As the railroads continue the abandonment of 
their feeder lines, the pattern of location should shift to the major 
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highways in the area. The decline in rail service will also have the 
influence of necessitating additional bulk tank storage . 
6.2.2. Rental tanks 
It was assumed that additional bulk storage was rented by the re-
tailer at a minimal fee from his supplier. If the retailer must purchase 
the additional storage himself the influence would be to raise his fixed 
costs and make the smaller plant the op timal plant in a lmost all the 
situations considered. 
6 .2. 3. Market share 
As already pointed out, the particular market share assumed can have 
an influence on distribution costs and optimal plant size. In developing 
the cost model, it was found that the particular specification of the 
declining market share also had a significant influence on optimal plant 
selection. The declining market share is a behavioral characteristic of 
farmers and additional study is needed to learn what prompts farmers to 
prefer the closer retailer. 
6.2.4. Season length 
The cost model suggests that there are cost savings to be realized 
if more time is allowed for delivery. Whether this additional time is 
actually available is subject to question. The farmers have adapted to 
the preplant season because it is a convenient time for their operation. 
A discount program to encourage usage at other times deserves investiga-
tion. 
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6.2.5 . Multiple products 
The concept of multiple product sales is not new. The author admits 
that there are limitations in the method used in this study to determine 
the cost of a multiple use facility allocated against a single product. 
Since a large proportion of farm supplies are sold through multiple prod-
uct firms a need exists for the examination of differences in costs, 
optimum plant sizes, and investment decisions between multiple product 
firms and single product firms. Criteria need to be developed for the 
allocation of cost of a multiple use facility. It is the author's belief 
that a better description of the two factors of market share and multiple 
product firms would result in greater reliability in cost estimates and 
measurements of marketing efficiency. 
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9. APPENDIX 
As was mentioned in Chapter 5 there were a total of 216 different 
short run retail distribution cost cases. This appendix will present 
these costs for each plant at its capacity . 
The appendix is organized in the following manner: Tables A.l, A.2, 
and A.3 contain cost information pertaining to the smaller acreage levels, 
while A.4, A.5, and A.6 pertains to the greater corn acreages. Table A. l 
and A.4 contain cost information on the 160 lbs. of NH
3
/acre rate level; 
Table A.2 and A.5 contain information on the 195 lbs. of NH
3
/acre rate 
level. Contained within each table are t he costs for each market share 
and the 2 seasons . 
Included in the appendix are the graphs depicting differences in the 
long run average costs for market share (comparable to Figure 5.7). 
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Table A,l . Short run retail distribution costs, 
demand density c 13. 0L ton/sq.mi . 
for all plants, 
Market Share • 1 I" - Regular Season 
Number of 
p - T ATD p APP NT ARDC APC AFDC ADC 
\iiiI) 
1- 900 3. 80 2 12 16 $18 . 50 S6 , 7L $7 . 20 
2-1800 5. 38 5 24 33 18.33 6.05 7.46 
3-2300 6 .08 6 31 42 18 ,23 5. 8L 7. L3 
L-3200 7. 17 9 L3 59 *18. 19 5.54 7,51 
Sl-900 3.80 2 12 16 20. 35 8.59 7, 20 
S2-1800 5.38 5 24 33 19.78 7.L9 7, 46 
Expanded Season 
tlumber of 
p - T ATD p APP 
'[iiii) 
NT AR.DC APC AFDC ADC 
1-1100 4.20 2 12 15 $17.15 $6 .08 $6. L7 $11.0 
2-2100 5, 81 5 2L 32 16 . 90 5.53 6 .L5 11.3 
3- 2700 6.58 6 31 L2 *16.85 5 .34 6. L7 11. s2 
4-3800 7. 81 9 UL 59 16.90 5. 10 6 . 54 11.8 
Sl-1100 4.20 2 12 15 18. 99 7.92 6 . 47 11. 07 
52- 2100 5.81 5 24 32 18.26 6 ,89 6 .45 11.37 
Market Share • Declining Demand - Regular Season 
L=--1'. 
1- 900 
2-1800 
3-2300 
L- 3200 
Sl- 900 
52- 1800 
Number of 
ATD p APP NT ARDC APC AFDC ADC 
\iiiI) 
L. 36 2 12 lS ~18 . 59 $6 , 74 $7 . 20 $11 .85 
6. 72 5 25 33 18 .72 6 .05 7.61 12.67 
8 . 72 7 32 43 19.00 5.Bh 7. 76 13.16 
16.7L lL 47 65 20 . 96 5.5!.i 8. 6L 15.hl 
L.36 2 12 15 20. Lh 8.59 7. 20 11.85 
6. 72 5 25 33 20.17 7.h9 7.61 12.67 
ant num er - tons a capac ty; - peci ze p ant; A • Average one way 
travel distnnce , in miles; !lumber of: P • riclru!':: , APr • l'pplicators , and NT • 
liurse t anks; AH.DC • Average retail distribution cost; * Indicates the least cost plant; 
APC = Average plant cost; AFDC • Aver age fixed delivery cost; ADC • Average delivery 
cost. 
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Table A.l. Continued 
Market Share • Declining Demand - Expanded Season 
Number of 
p - T ATD p APP NT A.RDC APC AFDC ADC 
\mi) 
1-llOO 4.91 3 13 17 $17.55 $6. 08 $6.71 $11.47 
2-2100 7.59 5 25 33 *17.42 5 .53 6. 67 11.89 
3-2700 12.02 8 33 LL 18.JL 5.34 7.03 13.01 
4- 3800 22 .42 18 49 69 20.93 5. :1.0 8.01 15.82 
Sl- llOO 4.91 3 13 17 19.39 7.92 6.71 11,47 
S2-2100 7.59 5 25 33 18.78 6.89 6.67 11.89 
Market Share s 33% - Regular Season 
Number of 
p - T ATD p APP NT ARDC APC AFDC ADC 
\mi) -
1- 900 6.58 3 13 17 $19.80 $6.74 $8.03 $13.06 
2-1800 9.31 6 25 34 *19.42 6. 05 7.87 13 .• 37 
3-2300 10.53 8 32 44 19.51 5.84 7. 96 13.67 
4-3200 12.42 12 45 62 19.70 5.54 8. 96 lL.90 
Sl-900 6,58 3 13 17 21.65 8.59 8.03 13.06 
S2-1800 9.31 6 25 34 20 .87 7.49 7.87 13.37 
Expanded Jeason 
Number of 
~ ATD p APP NT AR.DC APC AFDC ADC 'fnii) - - - - -- -
1-llOO 7.28 2 11 lL $18.42 $6.08 $6.69 $ll.73 
2-2100 10,06 6 25 34 *18.06 5.53 6.89 12.53 
3- 2700 11.41 8 32 LL 18. l J 5.34 6. 92 12 . 79 
4-3800 13.53 112 46 63 18 .44 5 ,10 7. 10 13.34 
Sl-1100 7.28 2 11 lL 19,65 7.92 6.69 11. 73 
52- 2100 10,06 6 25 JL 19.42 6,89 6. 89 12.53 
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Table A,2. Short run retnil distribution costs, 
demand density • 18. 45 ton/sq.mi. 
for all plants, 
I Ma:~et "hare • l~ - Regular Season 
Number of 
p - T ATD p J.PP NT ARDC APC AFDC ADC 
"(iiiI) 
$6.74 $6.30 $10.54 1- 900 3.29 2 9 13 $17.28 
2-1800 4. 66 4 19 25 16. 93 6.05 6. 40 10,88 
3-2)00 5, 26 6 24 32 16.91 5 .84 6.49 11,07 
4- 3200 6.21 8 33 45 *16. 72 5. 54 6.44 16. 72 
51-900 3,29 2 9 13 19.13 8.59 6 .JO 10. 54 
$2-1800 4. 66 4 19 25 18 . 38 7 .49 6.40 10, 88 
r:x;>andcd Season 
NUJ!!ber of 
E...::..! ATD p APP NT ARDC APC AFDC ADC "(iiiI) 
1-1100 3.64 2 11 14 $16 .09 $6. oB $5.74 $10, 01 
2- 2100 5.03 4 21 27 15.82 5.53 5.79 10,29 
3-2900 5.70 6 27 35 15. 86 5 . 34 5.90 10. 52 
4- 3800 6 . 77 8 J8 50 *15.80 5.10 5.90 10.69 
Sl-1100 3.64 2 11 14 17.93 7. 92 5. 74 10, 01 
52- 2100 5.03 4 21 27 17.18 6 .89 5. 79 10, 29 
Market S~are • ""eclininc De:nnnd - Re._;ul "r ~;c:-~on 
NUJ11ber of 
p - T ATD p J.PP NT Af.DC HC AFDC JI.DC 
"{iiiI) 
1- 900 3. 71 2 10 13 $17 . 73 . $6. 74 $6 .68 $10.99 
2-1800 5.56 5 19 25 17. 26 6.05 6.58 11. 21 
3-2300 6.52 6 24 33 *17.19 5.84 6.55 11.35 
4-3200 9.46 10 35 47 17.78 5.54 6.94 12,23 
51-900 J . 71 2 10 13 19.58 8. 59 6.68 l0.99 
52-1800 5.56 5 19 25 18.70 7. 49 6 . 58 ll.21 
Leeend : P- T " Plant number - tons at c<ipacit~·; 5" 'lricc:!.~li ;.P.d p:'..Ult; .'TD = /.vcrage one way 
travel distance, in miles; Nwnber of: P • Pickups, APP • Applicators, and NT • 
Nurse tanks; ARDC : Average retail distribution cost; *Indicates the least cost 
plant; A.PC • Average plant cost; Ar.JC " t.ver age fixed delivery cost; ADC • 
Avcrace delivery co~t. 
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T~b:.c A. '2 . Con\.inu1.:d 
- · -
''n:·l:ct Share 2 !'eclining r emand - Expanded Season 
nur1hcr of 
p - T ATD I:' APP ~ ARDC APC AFDC ADC 
tiiif) 
1-1100 L.15 2 ll lL $16.17 $6.08 $5.7u 
2- :::?.CO 1.1J 5 ~l 27 *16 .16 5.53 5.9L 
3-2700 7.3L 6 27 J6 16.19 5. 3u 5.96 
L-.3000 13.Ll 12 Ul 5L 17.68 5 .10 6.6u 
Sl-1100 i. .15 2 11 lL 18.01 7.92 5.7L 
52-2100 6.13 5 21 27 17 .52 6, 89 5.9L 
Market Share • 33% - Regular Season 
Number of 
t....:...! ATD p APP NT AHDC APC AFDC ADC 
(mi) 
1- 900 5.70 3 10 13 ;;i8 ,L2 S6.7L $7 .02 
2-1800 8,06 5 19 26 *17.77 6. 05 6.66 
3- 2300 9,12 7 25 JL 17.99 5.8L 6 . ~ 
4-3200 10.75 11 35 u8 18.15 5. 5L 7.08 
51-900 5. 70 3 10 13 20. 27 8. 59 7. 02 
52-1800 8.06 5 19 26 19.22 1.u9 6.66 
!".::;: anded cea ::en 
Number of 
L:..! ATD p APP NT ARDC APC AFDC ADC 
"{iiii) 
1-1100 6 ,o8 3 11 15 $16.96 $6,08 $6.16 $10.8 
2-2100 8. 71 5 22 28 *16.82 S.53 6.16 11.2 
3-2700 9.118 7 28 37 16.92 5.3L 6.25 11.5 
L-3800 11, 72 11 LO ~3 17 .18 ~ • . 'J> t- . L3 12 .r 
Sl - 1100 6.o8 3 11 15 18.80 7. 92 6 ,16 10.u 
~2-2100 8,71 !) ?2 23 18.19 6, 89 6, 16 11, 2 
---
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Table A.J. Short run retail distribution costis, for all plants, 
damand density = 2J ,o6 ton/so.mi . 
. :.~ .. l' i\'- .... "h;.::c ; l1..~ - !. ~ r:U 13.!' C3!:\1ll 
tlumber of 
p - T A i'IJ p I.Vi> llT 
liiii> 
1- 900 2.94 2 8 11 
2-1800 h,16 4 17 22 
3-2300 4.71 5 21 20 
4- 3200 5.55 8 JO 39 
51-900 2.94 2 8 11 
52-1800 4.16 4 ·17 22 
:xpanded Season 
Number of 
p - T ATD p APP NT 
"{'iiiI) 
1-1100 3.26 2 10 13 
2-2100 l.i ,50 h 18 2u 
3-2300 s .10 5 24 31 
4-3800 6 ,05 8 33 Uh 
51-1100 3. 26 2 10 13 
52-2100 4.50 u 18 2u 
l!arket Share = Declining remand - Regular Season 
L=....! 
1- 900 
2-1800 
3-2300 
h-3200 
Sl-900 
52-1800 
ATD 
liiif) 
3.29 
4.85 
5.64 
7.04 
3.29 
5. 64 
p 
2 
4 
6 
8 
2 
4 
~hunter of 
AFP !IT 
9 11 
17 22 
22 28 
JO 40 
9 11 
17 22 
Af/DC 
$16.57 
16. JO 
*16.04 
16.o8 
18.41 
17. 74 
ARDC 
$15 .66 
15.10 
15.12 
*15.07 
17. 50 
16.47 
Ar.DC 
$17.04 
16.41 
16.50 
*16.39 
18.89 
17.86 
APC ~ :.DC 
$5 .88 $ 9.8) C6 . 74 
6.05 6 .08 10, 25 
5 .81.! 5. 94 10. 20 
5.54 6, 14 10, 54 
8.59 5.88 9.83 
7.49 6. 08 10.25 
APC AFDC ADC 
$6,08 $5.59 $9.56 
5.53 5.36 9.57 
5.34 5.h8 9.78 
5.10 5.50 9.97 
7.92 5.59 9.58 
6.89 5.38 9. 57 
A.PC AFDC ADC 
$6.74 ::;6 , 29 $10.JO 
6.o5 6.o8 10,)6 
5 .8u 6. 21.i 10.66 
5.54 6.19 10.84 
8.59 6,29 10.JO 
7.49 6,o8 10,)6 
Leeend: P-T • Plant number - tons at capacity; s = Specialized plant; ATD • Averaee one way 
trllvr.l dist.f'nce, 1.n mi.las ; ~'lll'lbt:r of: P • Pickuns, APP 2 Applic11tors, end NT " 
llurse tanlts; lt.JUJC = Average rc~:..il distrlbut.ion cost; ifTndicntcs the least cost plMt; 
APC • Avernge plant cost; AFDC • Aver ar,e fixed delivery cost ; ADC • Average 
delivery cost. 
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Table A, J, Continued 
I "arket ~hare • :-ecli."l!.ng !'e!"lan: - -;·:_ anded "eason 
!!umber of 
p - T ATD p ft.PP !IT .t.!1DC A?C ft .. 11'DC ADC 
"{iiii) 
$6, 08 $5.59 $9,65 1-1100 J ,67 2 10 13 $15 .73 
2-2100 5. 32 u 19 2u *15 .u1 5 .5J 5.54 9, 88 
3-2700 6. 25 6 24 31 15.43 5 .34 5.51 +0.09 
4-3800 8 .58 9 Ju u6 15. 76 5 .10 5. 76 10,65 
Sl -1100 J.67 2 10 13 17 .57 7 . 92 5.59 9.65 
S2-2100 5 • .32 u 19 24 16.78 6.89 5.54 9 ,88 
Market Share • J3;;; - i?egular Season 
Number of 
.E.....:...! ATD p APP NT ARDC APC AFDC ADC 
"{iiii) 
1- 900 5 .10 J 9 11 $17.35 .$6, 74 $6,29 $10.61 
2-1800 7. 21 5 17 23 *17,o8 6 .05 6.34 11,0J 
3-2300 8.15 - 7 22 JO 17. 20 5. 84 6,51 11. 35 
4- J200 9.62 10 31 42 17.23 5.54 6. 59 11.69 
Sl-900 5.10 3 9 11 19, 20 8.59 6 ,29 10,61 
S2-1800 7 ,21 5 17 23 18.52 7.49 6 .34 11.03 
Expanded ::eason 
Number of 
~ ATD p APP NT AnDC APC AFDC ADC Tiiii) 
1-1100 5.64 3 10 13 $16.35 $6.o8 $5 ,87 $10, 27 
2-2100 7.79 5 19 25 *16 .o6 5 .53 5. 76 10.53 
J-2700 8. 83 7 25 33 16.2) 5. 3L 5. 95 10 ,59 
4- 3800 lO. L8 10 35 47 16.JO 5. 10 5.97 11.19 
Sl-1100 5.64 3 10 1.3 18, 19 7 .92 5 .87 10, 27 
52-2100 7.79 5 19 25 11. 1.i2 6 .89 5. 76 10,53 
$ 
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Table A,4, Short run r etail distribution costs, 
<le~a.~d d~nsity = 16. 67 ton/sq.mi . 
~~~ket Sh~re • 100'1' - ~egular ~ea~on 
Uumuer of 
L.:...! ATD p APP NT 
"(iiiI} 
1- 900 3. 46 2 12 16 
2-1800 4.90 Ii 24 32 
3-2300 5.54 6 31 42 
4- 3200 6.53 9 43 58 
Sl- 900 3.116 2 12 16 
S2-1800 4.90 4 24 32 
Expanded Season 
Nwnber of 
P - T ATD p APP NT 
TniI> 
1-llOO J . 83 2 13 17 
2-2100 5 . 29 4 24 32 
3- 2700 6 . 00 6 31 41 
4- 3800 7,12 9 44 59 
51-1100 3.83 2 13 17 
S2-2100 5,29 4 24 32 
Market Share • Declining Demand - Rer;ular Seq.son 
L:...1 
1- 900 
2-1800 
3-2300 
4-3200 
51-900 
S2-1800 
ftTD 
"{iiiI) 
3.93 
5.92 
7.01 
ll, 62 
3.93 
5 . 92 
F 
2 
5 
6 
ll 
2 
5 
r~umber of 
,\f-P ilT 
ll 15 
24 33 
31 42 
45 62 
11 15 
24 33 
for all plants, 
ARDC APC AFDC ADC 
$18 . 44 $6.74 $7 .20 $11. 70 
*18 ,00 6 .05 7.20 11 . 95 
18.13 5.84 7.43 12,29 
18,04 5.54 7,46 12, 49 
20 . 29 8 .59 7, 20 11.70 
19.44 7.49 7, 20 11, 95 
ARDC APC AFDC ADC 
$17 .08 $6.08 $6.43 $11, 00 
*16,66 5.53 6. 31 11.13 
16.70 5 . 34 6.41 11. 36 
16,78 S.10 6.54 11,68 
18,92 7.92 6 . 43 11,00 
18.03 6,89 6-, Jl 11,lJ 
A~J)C APC ~ t DC 
$18 .53 :;6 ,74 ·n . 20 $11, 78 
18, 43 6.o5 7. 46 12 . 38 
*18.39 - 5.84 7.43 12. 54 
19.47 5.54 8,03 13. 92 
20, 36 8.59 7,20 ll,78 
19. 87 7.49 7. 46 12.38 
Legend: P-T = Plant number - tons at capacity; S • Specialized plant; ATD = Average one way 
travel distrncc, in r..iles; :!uml:..e;r o!' : P = Picirurs , APP u /1;:·;- lica'..ors , t.nc ' !T • 
Nurse tanks; ARDC • Aver age retail distribution cost; *Indicates the least cost 
plant; APC c Average Plant cost; f.1-"'DC = /over ar;e fixed delivery cost; />.DC • .Average 
delivery cost. 
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Table A.4. Continued 
-- - --
Market Share • Declining Demand - Expanded Season 
NUJ:lbcr of 
p - T ATD ~ APP-----m- ATIDC APC !FDC ADC 
frjii) 
1-1100 4.40 2 13 17 $17 .18 $6.08 $6. 43 $11.10 
2- 2100 6 .S7 s 24 33 *17.10 5.53 6.53 11.57 
3-2700 8.32 7 32 43 17.43 5.3h 6.75 12.0? 
4- 3tjOO ll .30 1h 47 65 19,23 5.10 7. 42 · iu.13 
Sl-1100 4.40 2 13 17 19.02 7, 92 6 .43 11.10 
52-2100 6 .57 5 24 33 18.46 6.89 6.53 11. 57 
Market Share "' 33% - Regular Season 
Number of 
!:....:_! ATD p APP NT ~ APC AFDC ADC 
1iiiI) 
1- 900 6.oo 3 12 17 $19. 39 $6.74 $7.71 $12.65 
2-1800 8,48 6 25 34 *19. 31 6.05 7.87 13.23 
3-2300 9.59 8 32 44 19.35 5.84 r.96 13.51 
4-3200 11,31 i1 45 62 19.42 5.54 8.03 13.87 
Sl-900 6 ,00 3 12 17 21. 24 8.59 7. 71 12,65 
52-1800 8.48 6 25 34 20.73 7.49 7.87 13.23 
r.·:pandod Season 
Number of 
L:...! ATD !: APP NT ARDC APC AFDC ADC \iii!) 
1-1100 6.63 3 13 17 $17.84 $6.o8 $6.71 $11.76 
2-2100 9,16 6 25 33 *17.83 5.53 6,82 12.30 
3-2700 10,39 8 32 43 17.?0 5. 34 6 .87 12.56 
4-3800 12,33 12 46 62 18.19 5.10 7.o6 13.09 
51-1100 6.63 3 13 17 19.68 1.92 6. 71 11, 76 
52-2100 9,16 6 25 33 19,20 6 ,89 6. 82 12,30 
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Table A. 5. Short run retaiJ. distribution costs, for all plants, 
demand dcn~~ty a 22 . 23 ton/sg .mi, 
Market ~hare • 100' - ~egular 5eason 
llUl'lber of 
L::...! ATD p APP NT ARDC ('iiii) 
1- 900 3,00 2 9 12 $17.o6 
2- 1800 4. 24 L 19 25 16,86 
3-2300 4. 79 5 24 32 16,70 
4- 3200 5. 66 8 33 45 *16.63 
51-900 3.00 2 9 12 18 . 91 
52-1800 4. 24 4 19 25 18.30 
Exp<.>nded Season 
Number of 
L::....! ATD p APP NT ARDC '{iiiI) 
1- 1100 3. 32 2 11 lL $16,03 
2-2100 4.58 4 21 27 15. 74 
3- 2700 5 . 20 5 27 35 *15.65 
4- 3800 6, 16 8 38 49 15.66 
51-1100 3. 32 2 11 14 17,87 
52-2100 4. 58 4 21 27 17.11 
Market :;hare • Declining Demand - ReauJ_ar So~son 
p - T 
1- 900 
2- 1800 
3-2300 
4-3200 
Sl- 900 
52-1800 
ATD 
Tiiif) 
3. 36 
4.96 
5.76 
7.25 
3. 36 
L. 96 
p 
2 
L 
6 
9 
2 
4 
UUl'lber of 
/ll-P :rr AiIDC 
9 lJ ~17 , 27 
19 25 *16. 98 
24 32 17, 00 
34 46 17.15 
9 13 19,15 
19 25 18,43 
APC AFDC ADC 
~6. 74 $6.13 $10. 32 
6 .o5 6 ,LO 10, 81 
5. 84 6,35 10.85 
5 .54 6.44 11.08 
6.59 6,13 10. 32 
7 ,49 6 . 40 10,81 
APC AFDC ADC 
$6,08 $5.74 $9. 95 
5.53 5 . 79 10. 21 
S .34 5.79 10. 32 
5.10 5. 86 l0. 55 
7 .92 5.74 9. 95 
6, 89 5 ,79 10,21 
APC AFDC ADC 
$6, 74 $6,30 $10. 56 
6 . 05 6 . 40 10. 93 
- 5 .84 6 . 49 11.15 
5 . 54 6.69 11,61 
8,59 6 . 30 10,56 
7.49 6 , 40 10,93 
Legend: P-T • Plant number - tons at capacity; 5 • Specialized plant; ATD • Average one way 
travel dist::i.nce , in n:iles; · ~1.l11!~ er o.f : P = ?ic 'c1ps, A!'P = I y:plicators, and NT • 
Nurse tanks; AH.DC = Average retail distribution cost; *Indicatea the least cost 
plant; APC • /verage plMt cost; AFDC • Average fixed delivery cost; ADC • 
Average delivery cost. 
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Table A,5, Continued 
~:ar};et "hare • :eclining '.:emand - ::.xpanded Season 
Number of 
p - T ATD p i'.PP NT ARDC A.PC AFDC ADC 
\nii) 
1-1100 3. 74 2 11 14 $16. 10 $6.o8 $5, 74 $10,02 
2-2100 5 . 4L 4 21 27 *15.89 5.53 5. 79 10.36 
3- 2700 6 . 40 6 27 35 15,98 5.34 5,90 10,64 
4-3800 9, 19 10 39 51 16.50 5.10 6,19 11. 40 
51-1100 3.74 2 11 14 17. 94 7.92 5.7h 10,02 
52- 2100 5, 4L 4 21 27 17.25 6 ,89 5.19 10,36 
Market Share "' 3.3% - Regular Season 
Number of 
p - T ATD p APP NT ARDC APC AFDC ADC 
\nii) 
1- 900 5, 20 2 10 13 $17,99 $6 ,74 $6 ,68 $11, 25 
2-1800 7. 35 5 19 26 *17,65 6,05 6.66 ll, 6o 
3-2300 8. 31 7 25 34 17.85 5.84 6, 90 12,00 
4- 3200 9.80 10 35 48 17.89 5.54 6,99 12.34 
51- 900 5. 20 2 10 13 19.84 8.59 6,68 11,25 
52-1800 7.35 5 19 26 19.09 7,49 6,66 ll,6o 
Expanded Season 
Number of 
p - T ATD ~ APP liiii) ?fi:. AHDC APC AFDC AOO 
1-1100 5.74 3 11 15 $16.87 $6,08 $6 ,16 $10, 79 
2-2100 7.94 5 22 28 *16 .69 5.53 6, 16 11, 16 
3-2700 9, 00 7 28 37 16,77 5. 34 6,25 11, 43 
4-3800 10.68 11 40 52 16,96 5.10 6,39 11,86 
51-1100 5. 74. 3 11 15 18, 71 7,92 6,16 10, 79 
52-2100 7. 9l 5 22 28 18,o6 6,89 6,16 11,16 
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Tcbk /1.6. $l10 !'1. run .!'et ail di ::1tribution cost:::, 
de..~and densi ty= 27.79 ton/sq.mi , 
for all plants , 
.. a:-i-:et "ha:e • 100,'. - " eguls.r ,.ea~on 
Number of 
p - T ATD p ;.pp NT ARDC 
tiid) 
1- 900 2. 21.i 2 8 11 $16 .53 
2- 1800 3. 79 u 17 22 16 .27 
3- 2.300 4. 29 5 21 28 15 .97 
1.i-3200 5.06 7 30 39 *15.90 
Sl -?00 2.2L 2 8 11 18.38 
52- 1800 3.79 4 17 22 17.68 
Expanded Season 
Number of 
p - T ATD p APP NT ARDC 
1-1100 ~~ 2 10 12 $15 .47 
2-2100 L.10 4 24 15.06 
3-2700 4.65 5 24 31 15. 0L 
4- .3800 5. 51 7 33 L.L *lL.90 
Sl-llOO 2,97 2 10 12 17.31 
52- 2100 4. 10 4 18 24 16. 40 
'lorkot <':h<J.re • DeclL"'ling J..::rr.Mo - tlq;ulo.r "ioaoon 
p - T 
1- 900 
2-1800 
3-2300 
4- 3200 
Sl-900 
S2-l8oo 
J'.TD 
{mi) 
2,97 
L. 35 
5.03 
6,18 
2.97 
4.35 
p 
2 
4 
5 
8 
2 
4 
' !umber of 
APP NT /11tur. 
8 11 $16.57 
17 22 16.33 
21 28 *16,10 
30 40 16.24 
9 11 18. 42 
17 22 17.77 
APC AFDC ADC 
$6.74 S5 .88 S9. 79 
6. 05 6,08 10,18 
5.84 5.94 io.i.; 
5.51.i 6. 01.i 10.Jt 
8.59 5.88 9.75 
7.L9 6.o8 10,lf 
APC AFDC ADC 
$6.o8 $5. 45 $9.39 
5.53 5.38 9.51 
5. 34 5. 48 9, 70 
5 .10 5.u2 9.79 
7.92 5.45 9.39 
6 , 89 5. 38 9.51 
.".l-C AF'DC ~DC 
$6 , 7L $5 .88 $9.83 
6.05 6. 08 10,28 
5.84 5. 94 10. 25 
5.54 6.19 10.69 
8.59 5.88 9. 83 
7 .49 6. o8 10.28 
legend: P-T • Plant nuriber - tons at capacity; S • :)pecialized plnnt; ATD 2 Aver age one way 
travel distance, in mile:;; llwnLer of: P = Piclrups , APt' - J.pplicators, and !IT • 
Nurse tanks; ARDC • Average retail distribution cost; *Indicates the least cost 
plant; I.PC • Averace pl:mt cost; AFDC ~ Average fixed delivery cost; ADC = 
AverAr,e delivery cost. 
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Table A. 6. Continued 
":arket Share • reclining :'C111and - ::~anded "oason 
Number of 
L:...! ATD p PPP NT ARDC APC AFDC ADC \mI) - --
1-1100 3.32 2 10 13 $15.67 $6 .08 $5.59 $9.59 
2-2100 L.76 4 18 24 •15.15 5.53 5. 38 9.62 
3- 2700 5. 54 5 2L 31 15.19 5. 3h 5.48 9.86 
4- 3800 6.97 8 34 44 15.32 5.10 5.59 10.22 
Sl-1100 3.32 2 10 13 17.51 7.92 5.59 9.59 
52-2100 4.76 4 18 24 16.51 6,89 5. 38 9.62 
Market Share • 33% - Regu1ar Season 
Number of 
~ ATD f APP N'f ARDO .APO AFDC ADC \mI) - -
1- 900 4.65 2 . 9 11 $17 .24 $6.74 $6. 29 $10.54 
2-1800 6.57 s 17 23 16.97 6.05 6.34 10.92 
3-2300 7.43 6 22 29 *16.87 S.84 6.31 11.0 
4-3200 8.76 9 31 41 16.94 S.54 6.45 11.4' 
Sl-900 4.65 2 9 11 ' 19.13 8.59 6. 29 10.S, 
S2-18oo 6.5r· 5 17 23 18.41 7. 49 6.34 10. 92 
Expanded Season 
Number ot 
F,_:_! ATD p ~ NT ARDC APO ~ ADC ti!) 
1-1100 5.14 2 10 13 $15.98 $6.08 $5.59 $9.90 
2-2100 7. 10 5 19 25 15.9L 5. 71 5.76 10.41 
3-2700 8.05 6 24 32 *15.79 5.34 5.65 10. 46 
4-3800 f .55 10 35 46 16.10 5.10 5.93 10,99 
Sl-1100 .>.14 2 10 13 17.82 7 . 92 5.59 9.90 
52-2100 7.10 5 19 25 17.30 6.89 5. 76 10.Ll 
